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FOURTH ANNUAL 
Report of the State Geologist. 
low A GEOLOGICAL SURVEY, I 
DES MOINES, December 31, 1895. \ 
To Governor Frank D. Jackson (tncl l¥ember8 of the Geological 
Board: 
GENTLEMEN-Pursuant to provisions of the statute organ-, 
izing the Iowa Geological survey I have the honor to report 
on the work done by t~is branch of the public service during 
the year 1895. 
In accordance with the purpose expressed in the report of 
last year, the energies of the survey have been chiefly directed 
to areal' geology, taking the several countjes as the areal 
units. The third annual report, issued during the year, is the 
. first volume devoted wholly to county reports, and it will 
serve to illustrate the plan which it is proposed to carry out 
in setting forth fully and exhaustively- the geological resources 
of theseveral counties of the state. 
In addition to county work there are still,however,a num-
ber of general problems of especial interest to the people 
generally without respect to county lines. These general 
problems embrace questions relating to water supplies, lead" 
and zinc ores, coal, clays, building materials of every kind 
from quarry stones to mortars and cem.ents, and these as will 
presently appear, have not been neglected. 
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The work of administration has been greatly lightened by 
the very helpful and efficient aid of the assistant state geolo-
gist, Mr. H. Foster Bain.Mr. Bain has had charge of the 
headquarters of the survey at Des Moines. On him has fallen 
the burden of attending to the numerous executive details 
inseparably connected with the central office. He has super-
intended the publication and distribution of reports, has cor-
rected proof, received and installed collections, and in many 
other ways has performed the larger share of the unproduc-
tive administrative work. Hil':l thoroughness and efficiency 
in discharging all the duties assigned him, wheth~r in th.e 
office or in the field, it gives me pleasure hereby to acknowl~ 
edge. 
My own time has been very fully occupied with a great 
variety of duties, embracing details of administration and 
office correspondence that cannot be assigned to anyone else. 
My work in the field during the season' was directed to the 
accomplishment of three things. First, I have been aware 
for some time that the geological maps of Iowa, published 
some years ago, and which formed in part the basis for our 
preliminary map, needed rectification so far as relates to the 
eastern edge of the Devonian in Buchanan, Fayette, Howard 
and Winneshiek counties. In some cases the. margin of tp.e 
Devonian was locatedfro:n fifteen to twenty miles too far to 
the east, while in other cases it was nearly as far out of the 
,way toward the west. . Beds of Galena limestone on the one 
hand, and beds of dolomitized Devonian on the other, hq,ve ~ 
been incorrectly mapped as belongbig to the Niagara series. 
My first field work of the season had reference therefore, 
to collecting the data for making the necessary correc-
tions on the future geologi.cal maps of the state. The 
dolomitization of the Devonian in the northern part of the 
state, and the abrupt feathering out of both the Niagara <-
limestone and Maquolr ,.:1 shaies before reaching the 11inne-
sota line are facts of LJ small degree of economic importance. 
Second, it was desired to prosecute definite areal work as 
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vigorously as possible. To this end the field work for Jones 
county, begun two years before, was completed, some por-
tions of Deiaware county were reviewed, and detailed work 
" in Buchanan and J ohnsoncounties was taken up and practic-
ally finished. . The work in Jones coun~y made it necessary 
to investigate in some detail certain phases of the LeClaire 
and Anamosa limestones in Cedar arid Scott. Third, the soils 
of Iowa, which are among the most important geological 
deposits of the state, vary with the nature of the drift and 
the modifications to which it has been subjected.' In the 
northern part of the area covered by the season's field work, 
there are two drift sheets; in the southern part there is but 
one. Some time, was devoted to tracing the margin of the 
second drift S1:i60t beyond the limits of the counties under 
immediate investigation .. 
. Apart from the unavoidable details of administration and 
correspondence, the unproductive work of the office consumed 
a large amount of time devoted to editing and revisingmanu-
script reports submitted by other members of the survey. 
The more directly productive work was devoted to preparing 
for pUblicati'on the results of investigations made in the field. 
The report 011 Jobes county is finished and is submitted as 
part of· the .accompanying v0lume, and reports on the other 
counties studied will soon be ready for submission. A num-
ber of articles containing general information. on a variety of 
subjects, weI'e prepared and have been widely published in 
the newspapers of the state. These articles treated on such 
subjects as Natural 'Gas in Iowa, Uses for Iowa Chalk and 
Coal Slack, SOIDe Iowa Building Stones, and the History and 
Genesis of Iowa Soils. Besides furnishing articl.es on subjects 
of popular interest to the newspapers, it was deemed worth an 
effort to call public attention to Picturesque Iowa, in articles 
contributed to an Iowa magazine. 
The work accomplished by Mr. Bain is fully set forth in his 
administrative report, which is hereto appended. 
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Prof. A. G. Leonard has continued his work on lead and 
zinc. His administrative report shQws the progress .made in 
the investigation of the subjects assigned him.' 
Prof. W. H. Norton has spent such time as he could spare 
from his duties at Cornell College upon the Artesian Well 
. report. Very satisfactory progress has been made, and it is . 
expected that the completed manuscript will be in hand in 
February. A full statement of the work undertaken, and the 
progress so far made by Professor Norton, appears in his 
administrative report. 
Prof. G. E. Patrick, chemist to the survey, offered his res-
ignation, which was accepted in May. The board then 
authorized the state geologist to make suita~le arrangements 
regarding chemic-al work. Satisfactory. arrangements have 
been made with Dr. J. B. Weems of the agricultural experi-
ment station, and he will in future have charge of this line of 
work. But little chemical work has been done this year, 
though· Dr. Weems is about to undertake the analyses of a 
series of artesian waters in connection with Professor N or-
ton's work on that subject. 
Dr. S. W. Beyer has finished his study of the Sioux quartz-' 
ite and has prepared a very interesting and valuable report 
upon this formation and certain associated eruptive ro.cks. 
The report is now being pJ;'epared for the press, and willprob-
ably form a portion of VoL VI. Dr. Beyer has also continued 
. his work on Boone and Story counties. Owing to illness 
during the summer months the report on Boone county has 
but recently been completed, and the completion of the reports 
on Story and Marshall must be left to a later date. 
Prof. J. L. Tilton has continued work on Warren COUL.ty. 
His report, which has been submitted and is now ready for the 
printer, is particularly interesting in that he has discussed 
quite fully the origin of the drainage system. The results of 
his work as a whole are of the highest interest. His studies 
of the coal horizons are likely to prove of considerable eco-
J;lomic importqnce. SinCE? his ~ection~ WE?r~ drawn, but before 
4, 
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they were published, a new mine has been opened upon a bed 
of eoal indicated by the sections, though otherwise unknown. 
The importance of the study of coal horizons as distinct from 
coal beds is emphasized by this occurrence. 
The general preparation of the maps and illustrations has 
been in the hands of Mr. F. C. Tate, of the Iowa Engraving 
company, under the directi0n of Mr. Bain. In this work Mr. 
Tate has been. at times assisted by Mr. C. F. Wilcox, :Miss 
Charlotte M. King and.:NIr. James Hedge. The general excel-
lence of the work is in the main due to Mr. Tate's skill and 
care. Within the year the maps of Allamakee, Keokuk, 
Mahaska, Jones, Warren" Boone, Appanoose, Woodbury and 
Washington counties have been drawn, as well as most of L,he 
minor illustrations appearing in volumes IV and V. 
The reproduction of the Allamakee county map by photo-
engraving from a series of tracings thoroughly proved the 
capabilities of this method of work. The success which 
attended the effort, which was in no small degree due to 
Messrs. A. Hoen & Co., who made the reproductions and 
. printed the maps, has confirmed me in my determination to 
use the process in the future work of the survey. The sav-
ing, as compared with engravings on s~one, is, as has already 
been pointed out, fully 40 per cent. 
Miss Nellie E. Newman has continued to be the efficient 
secretary of the survey. , 
Satisfactory progress has been made in the publication of 
the results of the. survey. Four volumes have so far been 
distributed, and have met with hearty reception. They have 
been very favorablJ commented upon by the leading geolog-
ical and engineertng magazines of this and foreign countries, 
and have brought to the office of the survey letters of com-
mendation from the leading geologists of all countries. The 
statements as to the resources of Iowa, as given by the sur-
vey reports, are fillding their way into trade journals and text-
books, and thus the reports form the best possible advertise-
ment for the state. Nat only outside, but within the state, 
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the reports have received full recognition. Numerous local 
papers have published long extracts from them, and in a few 
instances the county reports have been repub~ished entire by 
local papers. 
Thefour volumes so far issued contain the following papers: 
. VOLUME 1. FIRST ANNUAL REPORT, 1892. 
CONTENTS: 
. Administrative Report of the State Geologist. 
Administrative Report of the Assistant State Geologist. 
Geological Formations of Iowa; by Charles Rollin Key-es. 
Cretaceous Deposits of Woodbury and Plymouth counties, with Observations 
on their Economic Uses; by Samuel Calvin. 
Ancient Lava.Flows in Northwestern Iowa; by Samuel W. Beyer. 
Distribution and Relations oi the Saint Louis Limestone in Mahaska County, 
Iowa; by H. F. BaJn. 
Annotated Catalogue of Jtlinerals; by Charles Rollin Keyes. 
Some Niagara Lime Burning Dolomhes and Dolomitic Building. Stones of 
Iowa; by Gilbert L Rouser. 
Bibliography of Iowa Geology; by Charles Roilin Keyes. 
CONTENTS: . 
Chapter I. 
Chapter II. 
Chapter Ill. 
Chapter IV. 
Chapter V. 
Chapter VI 
Chapter VII. 
Chapter VIII. 
Chapter IX. 
Chapter X. 
Chapter XI. 
Chapter XII. 
Chapter XIII. 
Chapter XIV. 
Chapter XV. 
VOLUME II. COAL DEPOSITS. 
BY CHARLES ROLLIN REYES. 
Introd uction. 
Origin of Coal. 
Carboniferous Babin of the MiEsissippi Valley. 
General Geology of the Coal Region. 
Li\hologyof the Coal Measures. 
Stratigraphy of the Coal Measures. 
The Coal Beds. 
Description of the Coal Beds now Operated hi N ~rth Central .. 
Iowa 
Description of the Coal Beds in Central Iowa. 
Description of the Coal Beds of Southeastern Iowa. 
Description of the Coal Beds of Southwestern Iowa. 
Description of the Coal' Beds of the Outliers in Eastern Iowa. 
Composition of Ipwa Coals. 
Waste in Coal Mining. 
The Coal Industry. 
VOLUME III. SECOND ANNUAL REPORT, 1893. 
CONTENTS: 
Administrative Reports. 
Report of State Geologist. 
Report of As~ist~nt State Geolo~ist. 
REPORT OF THE STATE GEOLOGIST. 
· Report. of Chemist. 
Work and Seope of the Geological.SurveYi by Charles Rollin Keyes. 
C~etaceo~~ Deposits of the Sioux Valley; by H. F. Bain. 
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· Certain Devonian and Carboniferous Outliers in Eastern Iowa; by William 
· Harmon Norton. 
Geological Section Along Middle River in Central Iowa; by J. L. Tilton . 
. Glacial Seorings in Iowa;. by Charles Rollin Keyes. 
Tl).ickness of the Paleozoic Strata of Northeastern Iowa;· by William 
· Harmon·Norton. 
. . Composition .and Origin of Iowa Cbalk; by Samuel Calvin. 
Buried River Channels in Southeastern Iowa; by C.· H. Gordon. 
Gypsum· Deposits of IowlL; by Charles Rollin Keyes. 
Geology of Lee County; by Oharles Rollin Keyes. 
Geology of Des Moines Comity; by Charles Rollin Keyes. 
VOLUMR IV. THIRD ANNUAL REPORT, 189~. 
CONTENTS: 
." 
AdIIiinistrative Reports 
Geology of AllamakeeCqunty;by Sam"Q.el Calvin. 
Geology 6f Linn COll.nty;by W. H. Norton 
Geology of Van Buren County; byC. H.Gordon. 
· Geology of KeokukCounty;byH. F. Bam. 
Geology of Mahaska County; py·H. F;· Bain. 
Geology of Montgomery County; by E. H. Lonsdale. 
Volume V; which is herewith submitted, contains, in addi-
tion to the administrative reports,the following: 
Geology of JcinesCohnty; by Samuel Calvin.· 
Geology of·WashingtonOountyjbyH. F. Bain. 
Geology of Boone County; by S. W; Beyer. 
Geology of W?odbury C~)Unty; by H. F. Bain. 
Geology of 'warrenCountYi byJ.. L.Tilton. 
Geology of Appanoose County; byH. F.Bain. 
Volume VI, which Will soon be ready for the printer, will 
contain the following papers: 
The Sioux Quartzite and Associated Rocks, with Especial Reference to an 
Intrusive Diabase Sill; by S. W. Beyer. 
The Lead and Zinc Deposits of Iowa; by A: G. Leonard. 
Report on the Artesian Weill of Iowa; byW. H. Norton. 
In addition, anumber of other papers, by various members 
of. the survey corps, are in an advanced stage of completion. 
· Since the inauguration of the survey, it has been the prac-
tice to furnish to the newspapers of the state preliminary 
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notes on the results of survey work while it was still in prog-
ress. These reports have been quite generally used by the 
papers, .and have been an important aid in bringing to the 
notice of the people of any community the results of the work 
in their region. Among the papers so published, in addition 
to. preliminary notes on the reports on the various counties, 
have been such papers as, "The Soils of Northeastern Iowa," 
"The Essential Properties of Building Stones," "Some Iowa 
Dolomites," "Geologic Conditions of Economic Mining in 
Iowa," "Coal Mining by Machinery in Iowa," and numerous 
others. 
During the last two years it has been the policy especially· 
to push to as early completion as might. be consistent with 
good work, the reports on the various counties. With that 
end in view the work has been concentrated in certain coun-
ties. Some of these offered special. facilities for work, by 
reason of their easy accessibility or because they were the· 
residence counties of local assistants. In other cases counties 
have been selected because their geologic structure furnished 
the key to neighboring regions, or because they contained 
deposits of prominent and generally recognized economic 
importance that seemed to demand immediate attention. So 
far reports on eight counties have been completed and pub;. 
lished,six more are completed and are submitted with this 
report, and a considerable additiQnal number are in an advanced 
stage of progress. 
Professor Tilton has the work in Madison county well under 
way and will doubtless .be able to finish it within the next year. 
Dr. Beyer has begun work~ in bot:q Mars4all and Story 
cOUllties .. 
Mr. Bain has thework,in Polk county in hand, and is, in 
addition, engaged in a study, preparatory to finishing up the 
work in that area,of the notes which Messrs. Jones and Lon~-·~ 
dale collected in 1893 and 1894 in Guthrie county. 
I have the work in Delaware, Buchanan and. Johnson coun-
ties practically finished, and have . made preliminary recon-
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noissances in Winneshiek, Howard, Fayette, Cerro Gordo, 
Cedar, p,nd Scott. 
Building Sto'nPs.-Tbe collection of materials and notes for 
a study of the building stones of the state has been carried 
forward. By the co-operation of Professors Ross and Hig-
gins and Mr. H. B. 11urray of Drake University, and Prof. 
A. Marston of the Agricultural College, it has beenpossible 
to begin the testing of samples of quarry stones .. Owing to 
the limited time at the disposal of those co-operating with 
the survey in this work, it :was thought impracticable to under-
take a complete study of the building stones of the state at 
this time.· A circular letter was, in October, addressed to a 
number of quarrym~n in different parts of the state, asking 
their assistance in the work. The responses have been most 
hearty and generous. It is proposed to collect for immediate 
study a series of the typical and better known stones now 
marketed from Iowa. These will be subjected to absorption, 
compression and shearing tests, and in certain cases chemical 
analyses ~ll be made .. With the results of this work as a guide, 
later and more elaborate studies may be undertaken. 
The work along this line has already begun, and the results· 
will be made public as early as possible. ~n the ~eantime the 
work of the county surveys is affording considerable material 
for later study, and is pointing out the vast number of excel-
lent ledges not yet opened LW. 
During the year a series of short articles have been fur-
nished to the local press bearing on various phases of the 
building stone industry. Among other papers a briefcommu-
nication giving the results of work on the several counties 
studied,so far as relates to quarry stone, was furnished to the 
United States Geological Survey, and published in the six-
teenth annual report of that organization. The undeveloped 
and recently developed quarry resources of Iowa were by this 
means brought to the attention of a large number of inter-
ested readers. 
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Cement.-The fact that Iowa contains vast quantities of 
material suitable for manufacture into the best gr.ades of 
cement is becoming rapidly known, and we may reasonably 
hope to see a large cement industry grow up in the state 
within the next few years. The survey has already pointed 
out the ready availability of the deposits along the Big Sioux 
river, and has, during the year, been called upon to answer 
many letters of inquiry regarding them~ An arrangement has 
been entered into whereby Mr. S. B. Newberry, manager of 
the Sandusky Portland Cement corq.pany, of Sandusky, Ohio, 
has undertaken to make for the survey the fullest practical 
tests of various cemen:t deposits. Some material has been 
shipped to Mr. Newberry, and more will be sent as soon as it 
can be collected. 
Ooal.-A large share of the energies of the survey during 
the period of its existence has been devoted to investigations 
oncoal. The work' of the last year has been no exception; 
though in this case the investigations have been carried 
on in connection with the county work. Of the fourteen 
counties upon which reports have already been prepared, 
nine have been in the coalfield, and one other has, in the past, 
produced coal. The effort has been, from. the first, to give 
that subject the fullest possible consideration. With this end 
in view, the counties which lie along the eastern border of 
the coal field have been examined and reported upon first. 
Along much of the eastern border of the Iowa coal field the 
deposits are thin, ap-d f:r'equently have been cut off from the 
main body of the coal measures by erosion. The entire 
region is drift covered, and,hence, the exact limi0s of the coal 
measures are not easily defined. It is but natural under such 
circumstances, that in th@ past .considerable sums of money 
have been spent in prospecting areas lying wholly without 
the coal measures. For this reason it has been considered >-
important that the first work of the survey should be directed 
to tracing the eastern margin of the. coal field, so that the 
ground which may legitimately be prospected can be 
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"known from that which is surely barren. With this end in 
view, the maps of Lee, Des Moines, Keokuk, Mahaska and 
Van Buren counties have been published,and a similar map 
of Washington county accompanies this report. 
In the course of work in the coat-bearing counties, . impor-
tant data relating to the conditions of deposition and forma-
tion of coal, and the methods of working it economically, are 
being collected. From time to time brief articles, bearing on 
these subjects, have been furnished to the press, and when 
the work is completed, the facts will be published as part of 
the final report . 
.l.t:Iuseurn.-In connection with the office of the survey at 
Des Moines, a museum has been established which is designed 
to show to the best advantage the present material resources 
of the state. This collection is receiving constant additions 
through the efforts of the members of the survey corps, and 
the generosity of individual producers. Within the last year· 
several important additions have been made. The collection 
of clay products includes samples from every clay-working 
plant in the state; brick yards, tile yal~ds and potteries being 
alike represented. The collection of building stones, while 
important, is not yet so complete. The collection of miner- . 
als, particularly from the lead and zinc regions, is quite com-
plete, and makes a striking and attractive exhibit. 
A few of the larger and more important building stone and· 
clay producers have made attractive individual displays, and 
room is held for a few more. Among those who have recently 
installed exhibits are Hon. J. A. Green, proprietor of the Cham-. 
pion Quarries, at Stone City, the Platt Brick Co., and the 
Sargents Bluffs & Sioux. City Brick Co. The value of an 
attractive display in the capitol building, where it is visited 
by large numbers every day, is being recognized, and the 
limited space at the disposal of the survey for such pur- . 
pos~s will soon be completely occupied. 
The collection of photographs grows rapidly. While the 
views are taken primarily for the immediate purpose of the 
3 fl S 
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survey work, they afford excellent illustrations of the natural 
features of the state, and can be made of large service in 
teaching geography and kindred studies. Recognizing this 
fact, and wishing to encourage in every possible way the 
movement.toward better teaching, a list of the· photographs 
available was prepared last February and sent with the fol-
lowing explanatory letter to such as it was thought would be 
interested. 
IOWA GNOLOGICAL SURVEY. 
S. CALVIN; State Geologist. t 
H. F. BAIN, Assistant Geologist. \ DES MOINES, January 10,1895. 
SIR-The law governing the geological survey of this state makes provision 
whereby duplicate specimens may be distributed to the various colleges. It is 
believed to be in accord with the spirit of this provision that the following state-
ment is made: 
In the course of the regular work of the survey a considerable Dumber of 
photographic negatives has accumulated. Some of these views possess more or 
less educational value in connection with instruction in geology and geography, 
and prints of them are offered at the mere cost of production. The negatives 
will be placed in the hands of a competent photographer, who will :fill all orders 
at a uniform price of 12t cents each. They will be in part 4txH and in part 6x8, 
with a few of larger size. They will be printed on Amerlcan. aristo paper, and 
mounted on heavy white cards 8x10. 
The list offered is neither complete nor systematic, but it is hoped it may 
prove serviceable. There is a supplementary list of views in the Black Hills, 
which are the personal property of the state geologist,and which may be 
obtained upon the same terms. 
Please order by number, and address all communications to 
SA1>ruEL CALVIN, 
State Geologist. 
A considerable number of responses have been received, 
arid it is thought that, as the offer becomes more widely 
known, it will be taken advantage of by a larger number of 
teachers. 
The museum affords an opportunity, by means of various 
special charts and diagrams, to set forth graphically the. 
various resources of the state. Certain of these charts have~ 
been prepared, and as the work of the surveY.progresses 
these can be made from time to time more exact and useful. 
~--. 
-f-. 
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. The library of the survey has continued to grow by dona-
tion and exchange. The reports of the various state and cer-
tain foreign surveys, as well as the proceedings of numerous 
learned' societies, are being regularly received in exchange 
for the volumes published by the Iowa survey. These reports, 
together with the bo()ks afforded by the state library, make a 
satisfactory working collection. The liberality of the state 
librarian and the board of trustees of the state library, in pur-
chasing the books needed by the survey officers,. has made it 
unnecessary to spend more than a small sum of money in this 
direction. It is a pleasure to acknowledge this hearty and 
much valued co-operation. 
In the general conduct of the survey it has been the effort 
to direct the work along those lines which should be product-
ive of th<? most practical economic benefits. It has been 
recognized that a survey paid for by the state can only jus-
tify its existence in proportion as Tt is a benefit to the state. 
So long as problems of fundamental· economic import remain 
to be solved, the ener~iesof the ,survey should be directed to 
them rather than to the elucidation of equally interesting, 
. though less directly valuable, problems of pure' science. It 
should not, however, be forgotten for o~e moment that the 
truest and most practical results are only attained by the 
most careful and exact scientific investigation of all the sig-
nificant phases of a questi~n. A right understanding of the 
problems of deeper water supplies, and the ability to make 
estimates of the distance to water and .the rate of its flow to 
any point, which the surv.ey is constantly asked to do, can' 
only be had by a thorough investigation of the character and 
stratigrapbyof the Paleozoic beds of eastern Iowa. One bore 
hole, even if driven to China, will not settle the question of 
g~s or oil supply for the state or any considerable part of it, 
and anyone at all familiar with practical prospecting in the 
be~t known portions of the Iowa coal fields knows that neither 
one nor a "dozen deep bore holes will settle the question of 
deeper coal seams in the southwestern part of the state. Yet 
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careful stratigraphic stu-dies may, and doubtless will, shed 
much light upon the subject. After these investigations it 
will "be possible to direct prospecting to the best advantage. 
" It is the proper duty of the geological survey, as outlined in 
the law under which it was organized, to make these investi-
gations. Yet it must not be thought that the survey is pri-
marily or even principally a "bureau of research." Its duty-
has been interpreted by the present corps to be first to find 
out exactly what resources of economic importance the state 
possesses, and second to make these resources as -widely 
-known as possible. If the reports of the survey accomplished 
nothing but the latter, the return to the state would still be-
large in proportion to the sum spent on the work. 
It is not generally recognized to what an extent the reports 
of a geological survey are quoted and accl3pted as author-
ity. Statements taken from such reports- are reprinted in 
technical and trade text-books, journals, encyclopedias, etc. 
Coming from the state they are accepted as official and hence-
carry far more weight than similar statements or "statistics 
put forth by any other authority. A new geography which 
will be largely us.ed in Iowa schools is now being prepared, -
and the editor is making use of the reports of the sur-vey in 
compiling his facts. The data collected by the survey -are 
widely u.sed, quoted and re-quoted. One of our leading coal 
companies put on its advertising calendar last _ year a" sen~ -
tence quoted from the" report of the state geologist." A 
minor article furnished by a member of the survey corps for -
local- publication was copied entire by three of the leading 
trade journals of the United States. Letters of inquiry are 
constantly received from all parts of the country, so that as 
an advertisement of the. resources of the state alone the-
reports have.a high value. 
I am glad to believe that the work has other values as well. -~ 
The increased and more exact kn9wledge of our coal fields, 
our zinc, lead, gypsum and clay deposits, the better under-
derstanding of our soils, building stones and" water supplies, 
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and the discovery of important Gement beds cannot but result 
in large economic gains to the state as a whole. A large and 
well equipped lime burning plant has been put up at a point 
suggested by one of the assistants on the survey. At another 
an important brick plant has been installed after consultation 
. with the survey officers. A number of other new enterprises 
are known to be under consideration and have only been held 
back by the present unfortunate financial conditions· of the 
country. 
Respectfully, 
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SAMUEL CALVIN, 
State Geolo(jist • 
• 
" ":" ... 
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REPo.RT -OFMR. H .. F; BAI N; -
IOWA GEOLOGICAL SURVEY, l 
• • .J. DES MOINES, December 31,: 1895. \ 
SIR-I have the_honor to submit herewith -a-report of my 
personal work during the year past. 
The amount of :1chl1iilistrativeand office work placed in my 
charge has prevented the a:ccomplishmeht ~fas much in the 
field -as during former-field seasons:- -l\luch of the months of 
January a;ndFebrtiary was -spent in superintending the print-
ing- and distribution of the fiJiaJ 'pages of Volume III. March, 
April and· part· of May weresperit in the preparation of the 
manuscript, iHustrationsand maps- appearing in- Volume IV, 
which was printed during the latter part 'of May, the month 
June and the early part of July. 
Within this period time was found for a few short field 
excursions, one being through Washiiigton connty, another to 
Dubuque, and a third, in company with Professor Tilton, down 
the Des Moines river. A short visit was made to Mount Ver-
non and Ames for the purpose of arranging with Professors 
Norton and Weems the details of the work on artesian wells. 
In July the regular field work of the season was taken up, 
some time being spent in Woodbury and neighboring counties. 
New and valuable data were collected and incorporated in the 
report on Woodbury county. Later the work in Appanoose 
county, originally taken up in 1893, was completed and the 
report written out. In September a brief excursion was 
made in your company for the purpose of studying the drift 
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deposits of Johnson and Buchanan counties. A day was also 
spent with Dr. Beyer in tracing the moraine in Story county, 
another with Professor Leonard in studying the drift of Tama 
county, and two days with Professor Norton studying the 
drift near Mount Vernon and in consultation regarding the 
artesian well report. 
In October and November numerous points of interest in 
Polk county were visited, and it is expected that the report 
on this county can be completed in the spring. Preliminary 
to a study of the drift of Polk county visits were made to the 
Aftonian deposits . lying to the southwest and the moraines 
neal~ Valeria and Cedar Falls to the northeast, as well as to 
numerous intermediate points. 
Since the close of the field season the reports on Washing-
ton, Woodbury and Appanoose counties have been given final 
revision, the illustrations and maps for Volume. V and a por-
tion of Volume VI prepared, and· the manuscript for the for-
mer, as well as a portion of the latter,assembled. 
During the year I have continued to make such notes on 
mining methods as was compatible with other duties. The 
usual brief communications to geological journals and news-
papers have been furnished. 
Respectfully, 
. . To PROF. SAMUEL CALVIN, 
State GeoloqifJ t. 
H. FOSTER BArn, 
Assistant State Geoloqist . 
REPORT· OF PROF. W. H.· NORTON. 
CORNELL COLLEGE, .. l 
1fT. VERNON, Iowa, December 31, 1895. \ 
SIR-I have the honor to make to you the following report 
of the work done during the year just closing. and since my 
appointment as special assistant in charge of artesian wells. 
A correspondence necessarily large, onerous and. as yet 
unfinished was at once opened with well drilling firms, water 
companjes, owners of deep wells, and with all others who 
. . 
might in any way aid the investigation. Several cities were 
visited personally.-The facts thus obtained form the basis 
of a report now approaching completion.- Of each of the 100 
or more deep wells in the state, all th~ obtainable data.will 
be set forth in this report, including the depth, size of bore, 
tubing, packing, water horizons, and the· :tiow,head and 
quality of the water from each horizon,together with its 
availability for the various domestic and communal uses . 
. Full description will be given also of the strata penetrated 
by the drill wherever drillings have been preserved, and the 
geological section of each well. will be shown as completely 
as the facts in hand will permit . 
. Thus the experience of . drillers in all parts of the state and 
in the various underlying rocks, and the experience of our 
citizens in the use of different artesian waters, will be made 
a matter of permanent record. 
In order that this mass of data may be as completely intel-
ligible and as widely available as possible, the entire question 
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of artesian wells and waters will be canvassed with specia1 
application to the Iowa fields. 
The sources of artesian waters, their chemical composi-
tion, and the conditions of their transmission will receive 
deserved attention. Among other topics considered are the 
interpretations of water analyses, the adequacy and perma-
nence of artesian supply in Iowa, the sanit~ry and thera-
peutic qualities of our artesian waters, and their availability 
for manufacturing and household purposes, including a resume 
of recent methods for the improvement of waters naturally 
unsuited for these uses. 
As the question of artesian supply is directly related to 
other possible sources, the general question of water supply 
may receive consideration. Statistics have been collected of 
the waterworks 'of the state and the various' sources of their 
supply. The purity of our rivers, lakes and' shallow wells, 
their adequacy ill times of drouth, the effectiveness and 
expense .of methods of purification now in vogue, are vital 
questions which must be considered by every community 
which has the problem of public water supply under consid-
eration.' Graphic illustrations are in 'preparation, such as 
maps and sec-'tions setting forth the structure' of artesian 
basins, the 'character and attitude or the 'geological forma-
tions, the position of water..:bearing rocks, and the hydraulic 
gradient of artesian waters. 
It is hoped that nothing may 'be omitted' from this report 
germane to its suhjectand of practical value to the citizens 
of Iowa. 
Very, respectfully your obedient servant, 
WILLIAM HARMON NORTON, 
Special AS$istant in cha/rge.of Arte8ian Wells. 
To PROF. SAMUEL CALVIN, 
State Geologist. 
REPORT OF PROF. A. G. LEONARD. 
IOWA GEOLOGICAL SURVEY, } 
DES :MOINES, Iowa, December 30, 1895. 
DEAR SIR-I submit herewith a renort of the work intrusted 
. . L 
to my care during the past year. _ 
The field work upon the lead and zinc deposits of the state 
was begun in the spring of 1894, and occupied a considerable 
portion of that year. During the fall and winter, such time 
as could be spared- from other duties was devoted to the 
preparation of the report. In June last some weeks were 
spent at Des Moines in preparation of the manuscript, and in 
November a brief field excursion was made lor the purpose 
of noting such new developments as ha¢l taken place within 
the season just past. Many important items were secured 
and have been incorporated in my report, which is now com-
plete and has been submitt~d. 
It is a pleasure to state that the outlook for the field is 
encouraging. The rapid introduction of improved machinery 
and better mining methods is having an important effect upon 
the output of the district. The total production for the year 
1895 was 750,OOO-pounds of lead ore and 3,500 tons of ZInc, 
with a total valuation of $42~000. 
Respectfully, . 
A. G. LEONARD, 
Special A88i8tant in charge oj Lead and Zinc Dep08its. 
To PROF. SAMUEL CALVIN, 
State Geoloqist. 
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EARLY GEOLOGICAL WORK. 
INTRODUCTION. 
SITUATION AND AREA. 
J ones county is in the second tier of counties west of the 
Mississippi river, and is partly included in that conspicuous 
eastward extension of the state known as Cromwell's Nose. 
A very important area was added'to Iowa by the deflection of 
the Mississippi from its southerly course near the mouth of 
the Turkey river, from which point the great stream makes a 
broad sweep to the east, and then, bending more abruptly to 
the west, returns to the meridian from which it departed, 
near Muscatine. A part of Jones county lies east of this 
meridian. 
Clinton and Jackson counties separate Jones from the Mis-
sissippi river on the east, on the north lie Dubuque and Dela-
ware, Linn bounds it on the west and Cedar county on the 
south. Jones county embraces sixteen congressional town-
ships, and, making DO allowance for convergence of north and 
south lines, or for possible errors in surveys, it contains 756 
square miles. 
PREVIOUS GEOLOGICAL WOHK. 
The structural features of Jones county, whether consid-
sidered economically or from a purely scientific point of view, 
have long attracted the att~ntion of geologists, and much has 
been written concerning various phases of the geological phe-
nomena which the county presents. No exhaustive descrip-
tion of these phenomena has, however, been attempted. The 
writers on the one hand. have dealt with a narrow range of 
geological facts, or on the other hand they have treated the 
J'egion in a general way in connection with the consideration 
of some larger area. 
Reference is made to the geology of Jones county in the 
following official publications: 
1844. David Dale Owen. Report oj (l Geoloqical Exploration 
oj PCM't oj Iowa, Wisconsin arid Illinois. 
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The explorations reported on were made in the autumn of 
the year 1839. In the report, on pages 101-107, the several 
townships now included in Jones county are briefly described, 
particular attention being given to the distribution of forests 
and the quality of, the soil. ' On the maps following page 64 of 
Owen's report, plates ii and iii, the region now called JonAS 
county is embraced in the area occupied by the Coralline beds 
of the Upper Magnesian limestone. 
1852. David Dale Owen. Report of a Geoloqical SUl'?)eyof 
Wiscon-;in, Iowa and Minnesota. No reference is made in the 
body of this report to any part ofJ ones county, but on the 
geological map accompanying the report the townships which 
now make up the county are included in the territory covered 
by what he now calls the Pentamer~s and Coralline beds of 
the Upper Magnesian limestone. 
1858. James Hall and J. D. Whitney. Report on the 060-
loqicc(;l Survey oj the State of Iowa. Volume I, Part 1. Geology. 
In this report Jones county is grouped with Scott, Cedar 
and Clinton, and all four counties are disposed of in the four 
pages 278-281. There are only a few references to special 
phenomena in Jones. 
1868. Charles A. White. First and Second Annual Reports 
of Proqre88 by the Stctte Geoloqist, Etc. 
On pages 27-30 of this report there is a description of some 
of the geological characteristics of Jones county, especial 
attention. being given to the quarry stone near what is now 
Stone City. The paper which forms the basis of this part of 
the. repol't had been published in· the Anamosa Eureka in 
May, 186.6. ... . " 
. 1870. CharlesA. W-hite..· Report on the Geoloqical Survey 
of the .stcite of Iowa, V olumes I and II. 
In Volume I of Dr. White's report on the geology of Iowa, 
pages 183 and 184, there are some references to geological 
phenomena in .Tones county; while in Volume II, pages 309-
311, the Anamosa quarries, now known as the Stone City 
quarries, . are SOllew hat fully described. 
" -
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1886. T. C. Chamberlin and R. D. Salisbury. Pl'elirnincrr'Y 
Paper on the Driftle:s8 Area oj the Uppel ]J[ississippi ,Valley. 
The paper cited constitutes pages' 205-322 of the. Sixth 
Annual Report of the United States Geological survey under 
direction of Major J, W. Powell. Jones county lieson~~df 
short distance away from the margin of the driftless ar~~, and 
while not directly named is included in the region coyered by 
the general discussion of marginal drift. 'Some.,0(tlie~sur­
face characteristics of this county are mapped on"'plate xxvii, 
and its indurated rocks are indicated by appropriate colora-
tion on plate xxiv. 
1891. ' W. J. McGee. The Pleistocene History of lYorthec{;st-
81']1 IOWCl. 
McGee's memoir embraces pages 189-577 of the eleventh 
annual report of the United States Geological survey under 
the direction of J. ·W. Powell. In this memoir geological 
features in Jones county are frequently referred to, particu-
larly the topographic forms, drainage and surface' materials. 
An interesting series· of well sections in Jones county is given 
on pages 529-53l. 
Short papers dealing with other facts of interest in con-
nection with the geology of Jones county, such as White's 
des~ription of Str1:cklancZinic{; castellarw and Calvin's note on 
the occurrence of Goniophyllampy}'wn'idaZe, have appeared in 
various publications. 
PHYSIOGRAPHY. 
TOPOGRApHY. 
", 
J ones county, in its northeastern part at least) is not very 
far removed from the southwestern edge of the driftle~s area 
of the upper Mississippi valley, ana. its physiographic fea-
tures have been determined in no small degree by the heaps 
~ ~ 
or drift and ridges of loess developed, during various stages 
of advance and retreat, along the thin margin of the Iowan 
ice sheet. While, therefore, over certain portions of the 
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county the topography is that of the gently undulating drift 
plain, only slightly modified by erosion since the retreat. of 
the glacial ice, there are large areas in which the topography 
is that characteristic of loess covered regions in which the 
surface is ridged and billowy, with sharply rounded hills sep-
arated by steep-sided, v-shaped ravines. There are also 
regions in which rather low loess covered hills alternate with 
nearly level intervals of drift from an eighth to a half mile in 
width. There are one or two well developed alluvial plains 
along the principal drainage streams, and there are a few 
examples of deep valleys of erosion in which streams flow 
between beetling cliffs of limestone. 
])Tijt Plains.-The principal drift plain of Jones county is 
continuous with the drift of northern l;..inn and southern Dela-
ware. It occupies all or part of Castle Grove,Cass, Monticello, 
Wayne and Scotch Grove townships. This plain is terminated 
on the south by a large area occupied by loess hills developed 
along the Buffalo and Wapsipinicon rivers near Anamosa. East 
of Anamosa the loess ridges leave the river and pass north of 
the valley of Bear creek through the southern part of Wayne 
and northern part of Jackson township. On the north the 
plain is bounded by the irregular topography-at first, below 
Monticello, erosional, but afterward of loess type-along the 
south fork of the Maquoketa. Another drift plain begins at 
the foot of the loess ridges south of Fairview and occupieiS 
portions of Fairview, Greenfield, Rome and. Hale townships. 
There is a small drift region known as Bowen's Prairie north 
of the Maquoketa; and more or less isolated areas are found 
in W yorning and Oxford t0wnships. The valley of Bear 
creek in Madison township is occupied by drift, though on . 
both sides of the valley'loess covered hills rise to a height of 
30, 40 or 50 feet above the general level of the adjacent drift 
plains. All the larger drift plains are interrupted more Dr 
less by the peculiar morainic ridges covered with 108ss, to 
which McGee has given the name paha. 
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Loess Hills .-The fine yellow clay known as loess, often 
homogeneous, though sometimes more or less sandy, seems 
to be developed in all portions of the county where the sur-
face is particularly broken and rolling. There are certain 
peculiarities of surface configuratio~ that have come to be 
recognized as loess topography, and yet as noted later on, 
nearly all the evidence at hand supports the view that much 
of the physiographic irregularity characterizing loess c'overed 
regions was developed before the loess was deposited. The 
thickness of the mantle of loess spread over the pre-loessian 
surface varjes from a few inches to ten or twenty or even 
thirty feet. It is only where the deposit attains considerable 
thickness that tbe true loess topography appears. The 
deposit occurs on high ridges, or wider areas, that overlook 
the drift plains or stream valleys. It washes easily, and 
sharply rounded hil~s separated by steep-sided gullies com-
bine to -render the surface over the wider loess regions a 
perplexing maze of swelling prominences that seem at first to 
be arranged withou.t definite order. It would be difficult to 
find an acre of level ground in many square miles of such 
areas. The hillsides are too steep for cultivation. Roadways 
must wind back and forth to follow ridges or descend to lower 
levels through tortuous ravines. The topography is a com-
plex affair, partly erosional; but even the essential features 
have been largely determined and modified by the original 
irregularity of the surface. 
:NIcGee in. the work already cited calls attention to the fact 
that the loess in this part of Iowa is found only on the higher 
levels and never on the much lower drift plains. The con-
stant relation of drift plain to loess ridge, 'so far as Jones 
county is concerned, is well illustrated on both sides of the 
Wapsipinicon river near Anamosa. Directly north of Ana-
mosa, near the northwest corner of section 2, Fairview town-
ship, the loess ridge rises to an elevation of nearly 200 feet 
above the river and overlooks the broad drift plain which lies 
still farther north. From the summit of the ridge the road 
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from Anamosa to Cass Center descends until, near the south-
we8t corner of section 22, Cass township, it reaches the drift 
plain. The difference in elevation between the plain and 
su~mit of the ridge is 100 feet. The loess ridges south of 
the stream near A namosa are equally as high as those on the 
north. Near the northwest corner of sec·tion 16, Fairview 
township, the elevation is 230 feet above the· river and the 
descent to the drift plain, a short distance south of Fairview, 
is more than 100 feet.' The river here runs between loess 
ridges rising fully 100 feet above the level of the adjacent 
plains. There is no better example anywhere of McGee's 
paradoxical streams, running in valleys that cleave high 
ridges and separated from each other by low valley-like 
divides. 
The .principal loess areas of Jones county lie along the 
two branches of the Maquoketa in the northeastern town-
ships. Here they blend practically into one continuous area 
covering all, or nearly all, of the townships of Richland, 
Washington and Clay, as well as the northeastern part of 
Scotch Grove. The area next in importance is four to six miles 
in width. It begins at the Linn county line, embraces the 
Buffalo and Wapsipinicon to their confluence at Anamosa and 
continues below Anamosa for a distance of three or four 
miles. A ridge· of loess continuous with the Anamosa ar.ea. 
extends eastward through the southern part of Wayne town-
ship, past Amber, almost to Center Junction. The eastern 
end of this ridge, near Center Junction, is broken up into 
discontinuous hills, with intervals of drift. 
A special type of topography is developed wherever the 
loess is so thin as to be easily eroded down to the underlying 
drift. In such localities- the hills are low with long, sweeping 
curves, and the nearly flat-bottomed vales between are rela-
. ~ 
tively broad. The hills are capped with a thin veneer of 
loess and the gracefully curving valleys expose the drift. 
Tb,e areas exhibiting this type of tovo~raphy are usually 
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small, but one such area, several miles in length and width, is 
found west of Wyoming and south of Center Junction. 
The paha of McGee, the peculiar ridges and isolated ellip-
tical. hills that often rise abruptly in the midst of a drift 
plain" are striking physiographic features that are in,timately 
related to the loess hills~ The paha are usually heaped up~, 
masses of ·drift covered with loess~ Numerous examples of 
these curious hills and' ridges occur ill Greenfield township., , 
One of the most striking, rising to a height of nearly a hun-
ar~d feet above the broad plain at its 'gase, is found in sec:-
tion 31.. Others are found in sections 17, 18 and 19. In sec-
tion iO is a broad wooded paha, and a still larger ridge of the 
same type, cover(~d with primeval forests, extendB through, 
sections 14, 15, 23 and 24. Almost every township affords a 
greater or less number of examples of the same peculiar topo-·, . 
graphic forms. Two loess covered hills, are conspicuous west 
of Olin in Rome township. The beautiful paha west of the 
railroad, a few miles south of Mon~icello, have been described 
by McGee, but other[5 equally int(?resting must, for the pres- , 
ent, be left undescribed. 
Allu'vial Plc(.ins (mel River Valleys.-There are few alluvial 
plains in Jones county, and the few there are make but little 
impression upon the general topography. Below, Newport 
the Wapsipinicon escap~s from a rather narrow valley and 
enters a broad alluvial platn which, however, exten,ds only to 
a short distance below Olin. A mile or two below Hale the 
valley again widens, and presents the characteristics of a 
broad flood plain all the way to the eastern limit of the county. 
For a short, distance near Monticello the Maquoketa runs 
through a low plain. Elsewhere the three main streams of 
the county flow in narrow valleys of erosion. These valleys 
are Dot infrequently 200 feet in depth, and' the walls are in 
part 'ridges of loess and in part ,cliffs of limestone. The 
North Fork of the 11aquoJreta in Washington township Howe 
through a rocky gorge that has a depth, measured from the 
general level of the loess ridges a half mile back from the 
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stream, of 225 feet. The rocky walls immediately bounding 
the river channel often rise vertically, or nearly so, for 75 or 
100 feet. At intervals these walls are cut by erosion of sec-
ondary streams into a series of jutting prominences, and the 
lateral valleys are often picturesque, deep, rock-walled 
ravines, damp and shaded at the bottom,and having the sides 
diversified with salient crags, castles, supporting buttresses 
and other rock masses that have been wrought by the active 
agents of rock decay into all conceivable fantastic shapes. 
The South Fork of the Maquoketa flows in a rock-bound 
gorge from a short distance below Monticello to the Jackson 
county line. The valley, taken as a whole, is wider than that 
of the North Fork and the lateral ravines are also broader. 
The general features, however, are -.the same; and crag and 
castle alid wooded rocky bluff give pleasure to the general 
observer as well as stimulate the interest of the student 
of topographic forms. One of the rocky promontories 
left between two deeply excavated secondary ravines, is 
locally known as Eagle Rock. Eagle Rock is situated on the 
left bank of the stream about a mile above Canton. It rises 
to a height of about 150 feet above the water in the channel. 
Its eastern face is nearly vertical, and a short distance from 
the river the ravine on its eastern side terminates in a rocky 
amphitheater. On the westside of Eagle Roek is a broad 
lateral valley carrymg a small tributary stream. Eagle Rock 
and its adjacent valleys illustrate the general character of the 
topography bordering this river throughout the greater part 
of its course in Jones county,:. , Everything betokens long con-
tinued erosion. At least the period required to produce the 
observed effects must antedate both drift sheets and is prob-
ably comparable to the'length of time required to produce the 
physiographic charaeteristics of the drHtless area. j, 
The valley of the Wapsipinicon varies from a rather nar-
row and partly rock-walled gorge above Anamosa to a broad 
plain, bordered by low rounded hills, between Newport and 
Olin! At E?tonE? City the liPle~ton~ rises in the ~ides of th~ 
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valley to a height of. ninety feet above the stream, while a 
short distance'back from the river, as, for example, near the 
northwest corner of the Nw. -1, Nw. qr. of Sec. 15, Fairview 
township, the upper beds of limestone have an elevation of 
about 150 feet above the water at Anamosa, and nearly fifty 
feet above the level of the drift plain on either side of the 
loess covered area. Between Olin and Hale the valley 
becomes narrow and is bounded by limestone cliffs or swell-
ing prominences of loess that repeat, but on a smaller scale, 
the characteristics of the valley above Anamosa. The broad, 
plain between Newport and Olin has. its characteristics 
repeated in the plain above and below Oxford Mills. 
The -Valley of the- Buffalo so far as its course lies in Jones 
county, resembles that of tbe Wapsipinicon near Anamosa. 
The, vaney of Bear creek is at first a broad shallow depres-
sion in the drift plain, with some loess-capped hills rising 
above the plain at some distance on either side. Below 
Wyoming, however, the stream enters a narrow rock-bound 
valley bordered with' wooded hills that exhibit the typical 
loess topography; and these characteristics persist to beyond 
the Jackson county line. ' 
There are some minor topographic a'reas, but the whole 
topography of the county, over larger and smaller areas alike, 
is to be interpreted in the light of effects of aqueous and 
glacial action produced along the attenuated and much 
10 bed and incised border of the Iowan ice sheet, the whole 
modified more or less by subsequent erosion. Over the 
larger drift plains erosion has produced scarcely any effect 
since the Iowan glaciers retreated from the region. Over 
areas deeply covered with loess, erosion in combination· 
probably 'with wind action 'has given rise to the rounded 
hills and gully-like ravines that divide the surface into such a 
tangled topogr3Jphic maze. The drift deposited by both 
Kansan and Iowan ice sheets was in some places very thin, 
and so it has been possible for both branches of the 1rIaquoketa, 
and probably the Wapsipinicon above Anamosa, to retur~ to 
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their old channels, and by a little scouring to restore some of 
the features of the preglacial topography. 
DRAINAGE. 
The drainage of Jones county is quite as unique as the 
topography. Like the topography it has been determined by 
the anomalous distribution of drift and loess along t~e lobed 
border of the Iowan ice. The Wapsipinicon is the largest 
river, and it pursues a much· longer course within the limits 
of the county than any other stream; but the area it drains, 
so far as l'elates to· Jones county, is less than that drained 
by the South Fork of the Maquoketa. Apart from the Buffalo, 
which hrings drainage waters from Buchanan, Delaware and 
Linn counties, the Wapsipinicon reyeives from· the north no 
. tributaries of sufficient consequence to be worthy of name. 
The natural drainage area of the· river is encroached upon by 
Bear creek, an affluent of the Maquoketa. The valley· of 
Bear creek' is nearly parallel to that of t,he Wapsipinicon; 
for a long distance the streams are not more than a few 
miles apart, and so the drainage area tributary to theWapsi-
pinicon is reduced on the north side to a narrow belt only a 
mile or two in width. 1'he portion of Jones county south of 
the Wapsipinicon, asiar east as Olin, is drained by Walnut 
creek, but below Olin the streams entering from the south 
are insignificant. 
Bear creek is also nearly parallel to the Maquoketa, but 
the distance between- the two streams ;will . average ten or 
twelve miles. All the valley of Bear creek and all the inter-
.. . . 
vening region drains into the Maquoketa.. This intermediate 
area is traversed by Mineral creek, which joinsthe primary 
stream a few miles below Canton. Kitty creek flows into 
. the :Maquoketa near Monticello. Its valley is for some dis-
tance nearly parallel to. that of its primary, but its flow is in 
the opposite direction. Grove creek drains the northwest 
corner of the county, and Farmers creek in the northeast 
passes down tlirough the center of Washington township 
;"" 
.~. 
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to join the Maquoketa near Clay mills. Farmers creek 
encroaches on the area belonging to the North Fork of the 
Maquoketa as Bear creek encroaches on that of the Wapsi-
pinicon, and reduces the surface tribl~.tary to the North Fork 
to a strip a mile or two in width. The Makoqueta proper 
receives the drainage of nearly three-fourths of ~he entire 
countv. ... ... 
Th~ North Maquoketa anq. White Water creek, withinsignifi-
cant tributaries that flow·only when recent rains or 'melting 
snows furnish favorable· conditions, drain a small area in tbe 
northeastern corner of· Washington township. ' 
_ STRATIGRAPHY. 
General Relations of Strata . 
. ,. 
The geological formations of Jones county represent three 
systems. Only two systems, however, are developed to an 
extent that would command general attention, and they are 
widely separated from each other in point of time. The indu-
rated rocks belong chiefly to the Silurian,system; the super-
ficial deposits belong chiefly to the Pleistocene. Belonging 
to the indurated rocks are some inconspicuous fragments of 
Carboniferous strata, and among the superficial deposits are 
beds of residual clay or geest of pre-Pleistocene origin, but 
referable to no particular seFies. 
The Silurian strata, while exhibiting many stratigraphic 
and local variations, are all lithologically and paleontologi-
cally intimately related. Throughout the whole thickness of 
the beds exposed in this county the rocks are dolomitic lime-
stones, and the fossil fauna, however much it may vary in 
different localities and in different beds, is always and every-
where characteristic of the Niagara series. The lower beds 
contain such forms as Halysites eatenulat~t8 Lin~, F(1)Osites 
javosus Goldfuss, and· Pentamerus obtonq~{,s Sowerby. The 
uppermost beds of Niagara seen in this county have so far 
furIill?h~d no fossils, but the Anq,illosa quarry stone lying next 
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below them has yielded specimens of Dalc{;mites ver'l'UC08US 
Green, and Oalymene niaga1Ytnsis . Hall. This last species 
occurs in the Williams quarry' in .the northeast corner of 
Fayette county only a few feet above the Maquoketa shales, 
while at Stone City, in Jones county it is found, though very 
sparingly, in the building stones which lie at least 250 feet 
higher in the geological column. The whole assemblage of 
strata between the top of the Maquoketa shales and the base 
of the Devonian is referred to the Niagara. 
The taxonomic relations of the geological deposits of Jones 
county, as provisionally adopted, are shown in the following 
table. 
GROUP. SYSTEM. SERIES. STAGE. SUB· STAGE. 
Recent. \ I Alluvial. I 
Cenozoic. Pleistocer e. \ Loess. Iowan. 
I Glacial. Second Till. 
----I 
Aftonian? I Buchanan gravels. 
Kansan. First Till. 
I Car boniferous. Upper IDe M 'n Carboniferous. I SOles 
Bertram. 
Paleozoic. Anamosa. 
Silurian. Niagara. 
Le Claire. 
I ! Delaware. 
Geolo&ical Formations. 
NIAGARA SERIES. 
Though the great 'beds of dolomite, which may be referred 
to the Niagara series, represent deposition during a single 
geological epoch, and so in a certain sense constitute a single 
stratigraphic unit, they are yet divisible into four more or 
less perfectly defined stages. 
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DELAWARE STAGE. 
The lower stage of the Niagara has a thickness of about 
200 feet. Pentam.erus oblongus, Halysites oatenulatus, Favosite8 
favos fu8, Ptychophyllum. expans-u1n, Strombodes mamillal'is and 
a large number of other species, are the characteristic fos-
sils. HCblysite8 catenulatus begins near the base of this $ta~e. 
At first the corals are all small, a few inches only in diameter, 
and the individual corallites rarely have a diameter exceeding 
one-sixteenth of an inch. Among the residual products of 
erosion derived from other phases of the Delaware stage 
there are,. on section 6, Scotch Grove township, weathered 
fragments of coralla of this same specie~ five feet in diameter, 
three or four feet in odepth, and made up of corallites meas-
uring fully one-eighth of an inch. Pentamerus crowds the 
beds at various levels and shows a great number of interest-
ing variations. The strata through which these fossils range 
compose the coralline beds of the Upper Magnesian cliff 
limestone, as that term is used in Owen's report on work 
done in the fall of 1839. They comprise the· coralline and 
Pentamerus bed.s of the Upper Magnesian limestone, as indi-
. cated on the map accompanying the report of the same author 
in 1852. This division is the equivalent of the Niagara lime-: 
stone of the report of Hall and Whitney, but it embraces only 
part of the Niagara of Dr. C. A. White .. 
Prof. -,:\.. G. Wilson has recently written on the Upper 
Silurian.in Northeastern Iowa*, arranging the strata of the 
fOFmation considered in five divisions. Divisions one to four 
of Professor Wilson's paper, collectively, make up the lowel'; 
stage as here defined, a stage that embraces all the sediments 
lying between the summit of the Maquoketa shales and the 
top of the Pentamerus and Coralline beds that ·furnish Strom-
bodes mamillcwis Owen, Strombodes pentagonus Owen, Strom-
bodes giqas Owen, enormous .coralla of Halysites catenulatu8 
Linnceus, and equally ponderous masses of IJiphphyllum. mul-
ticaule Hall. . 
*American GeolOgist, Vol. XVI, p. 275.' 1895. 
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There is no one locality where all the phases of this lower 
division of the Niagara may be seen in a single section, but 
all may be studied within the limits of Delaware county, and 
for this reason it is proposed to call it the Delaware stage. 
The four divisions of 'Professor Wilson, so far as they can be 
delimited, may" rank as sub-stages. The Delaware stage con-
tains large quantities of chert, and silicification of the corals 
is very general, while silicification of the brachiopods is not 
infrequent. -
LE CLAIRE STAGE. 
The second stage of the Niagara is represented by the 
Le Claire limestone of Hall, and may, with propriety~ be 
called the Le Claire stage. Strata of this stage are well 
developed at Le Claire, in Scott county. They are seen in 
the same stratigraphical relations at the lime kilns on Sugar 
creek, and near the quarries at Cedar Valley, in Cedar 
county. They occur beneath the quarry stone at Stone City, 
and near Olin and Hale, in Jones county, and they' are also 
seen at many points west of the Jones county line in Linn. 
Indeed, they are somewhat generally, though by no means 
universally, distributed in the east central part of Scott, 
southwestern parts of Clinton; western Cedar-and the south-
ern parts of Jones and Linn. They: seem, however, to be 
limited to the southwestern. corner of the Niagara area, 
There are no i.ndications of them in the northeastern part of 
J ones. A line drawn from the mouth of the Wapsipinicon 
- through Anamosa would mark approximately their northeast-
ern limit. 
The Le Claire lime storie is generally a massive or heavy 
bedded, highly crystalline dolomite. It contains scarcely any 
chert, and in its lower parts there are very few fossils. There 
are occa~ionally a few specimens of Pentamerus . of the 
P. occidentalis type, and the principal coral is a· long, sn~n­
der, tortuous Amplexus, which is represented only by casts 
of the vacant or hollow parts of the original corallum. On 
account of the complet~ solution of the original struc~ure the 
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spaces occupied by the solid parts of the coral are now mere 
cavities in the limestone. In the upp~r part of the Le Olaire 
stage, small braehiopods abound. They belong to the genera 
Homeospira, Trematospira, N ncleospira, Rhynchonella, Rhyn-
chotreta, Atrypa, Spirifer, and probably others. In most 
cases the fossils have been dissolved out, leaving numerous 
cavities. The calcareous brachial apparatus of the spire-
bearing genera is often perfectly preserved, and is the only 
portion of the original structure represented. No statement 
can well give any idea of the numbers of these small shells 
that crowded "the sea bottom near the close of the Le Claire 
stage, nor of the corresponding number of minute cavities 
that are now. so characteristic a feature of this portion of the 
Le Olaire limestone. In some localities in Oedar county', the 
small brachiopods of this horizon are represented by very 
perfec.t casts that were formed by a secondary filling of the 
cavities left by solution of the original shell. The external 
characters are thus fairly well reproduced. 
Compared with the. beds of the Delaware stage, the Le 
Claire limestone as a 'rule lies in more massive ledges, it is 
more completely dolom.itized and its fracture surfaces exhibit 
a more perfectly crystalline structure. It ~ontaills an entirely 
different fauna, a fauna in which. small rhynchonelloid and 
spire-bearing braohiopods are conspicuous. Its fossils are 
never silicified, and inmarke~ contrast- with some portions of 
the Delaware, its upper part at least is notablv free from chert. 
. ~.
The Le Claire limestone is the lime burning rock of Sugar 
creek, Ced::u'VallElY, f>ort Byron, and Le Claire. Wherever it 
occurs i~ furnishes~ater~al for the mallufactureof the. high~ 
est quality of lime .. 
The ~e Olaire limestone is, in some respects, unique among 
the geological formations of Iowa. In the nrst place, it 
varies locally in thickness, so much so that its upper surface 
is exceedingly undulating, the curves in some places being 
very sharp and abrupt. In the second place, it differs from 
every other limestone of Iowa in frequently exhibiting the 
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Professor Hall accurately describes some of the variations 
in the inclination and direction of dip in the Le Claire lime-
" stone, as seen at Le Claire, * but he assumes that the inclina-
tion""of the beds is due to folding "and uplift subsequent to 
their deposition. On this assumption, the LeClaire lini~­
storie would have a thickness of more than 600 feet, whereas 
" the maximum thickness does not exceed eighty""feet, and the 
average over the" wb..ole area is very much less. Prof. A. H. " 
Worthent studied this limestone at Port Byron, Illinois, and 
Le Claire, Iowa, and describes it as "presenting no regular" 
lines of bedding or stratification, hut showing lines of false 
"FIG "2" Expo~ureof gently folded Le Claire limestone below bridge southeast of Hal~. 
" " 
bed(lihg Or c~eavage at every" "conceivable angle to the hori-" 
zon.'" "Hem3signs to thes~ beds a thickness of fifty feet, but 
offers no explanation of what he calls false bedding or cleav-
age. In White's report on the geology of Iowa,+ the oblique 
bedding seems to have been taken as evidence that a line of 
disturbance crossed the Mississippi river at Le Claire with a 
direetion nearly parallel to the Wapsipinicon valley. This 
. " 
*Rept. on the Geol. Surv. of the Sta.te of Iowa, Hall aud Whitney, vol. I.; part I., pp. '13-74 
1858. " " 
tGeol. Surv. of Ill., vol. I, p.13O, 1866. " 
:liReport on the Geol. Surv. oithe State of Iowa; Charles A. White, vol. T, p.183, 1870. 
6GRep 
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apparent disturbance was last recognized about three miles 
west of Anamosa. The angle of dip, it is said, reached in 
sorrie placestwenty.;eight degrees with the horizon. McGee, 
in discussing the' regular deformations of northeastern Iowa~* 
quotes Dr. White on theWapsipinicou'line of disturbance, and 
accepts the observations on which the statement is: based as 
evidence of a synclinal fold extending from Le Claireto ·Ana- . 
mosa. White'sobsBrvations appearto have been made only 
:at'the' two points mentioned. . At·both 'places the strata seem 
. tobeinc1ined at a high angle. On the assumption that the 
inClInation of the strata indicates orogenic disturbaiice; the 
conclusion that the: disturbed beds .we:reparts of. th(jsame 
. fold was . very natural. There is, however, no fold, nor is 
there any line of disturbance.' In tlte whole Niagara area 
;southwest of the line which marks the lirrtit of theLe Claire 
: limestone, the phenomena seen at. L~ Olaire andW'est of 
: Anamosa are repeated scor~,s. o~ tinl'es:~nd.jn:waystp.at "'defy 
; sy~temattcarrargerp-eht .. ~he·b~~as;~ridli#eaiallangle~from 
·atii;j!J!~;~~ii~r~~:~!:~it;;~!~i 
'~~loh~»:i"hecGedatr~yeJ' above R()chester,at.qedar \T ailey, 4s 
·.wellas.·:~t·:k.~lTy,inte~mediate.point~·'<¥stribhtedpromisCUbusly 
\~thrcmghbv..t:~th~arBaDf the:·,LeClaii·e·limestone,th~b~ds 
'~~tan(f~t'a:hlgh angle, andThemultiplicity'o{ directIons in 
whi~hthey are inclined, even in ~xposures that are relatively 
:h~artogether, is wholly in<;onsisterit with the idea of orogenic 
'defo:dnatio'n:Thebeds are now practically in the position in 
which they wer'e Llid dQwn in the tumultuous Niagara sea. 
The principal disturba~ces they have suffered have beenihe 
results of epeirogenic movements which' affected equally tile 
whole region over which these limestones are distributed, as 
"well as all the adjacent regions of the Mississippi valley. 
*Pleistocene History of Northeastern Iowa, p. SiO. 1891. 
ABSENCE OF FOSSIL REMAINS. 
The Le Claire limestone is sharply set off from the depos-
its: of the Delaware stage by its hard, highly crystalline 
structure, its freedom from chert, its easily recognized fauna, 
and its record of anomalous conditions of deposition. In the 
field-the -distinctions between the Le Claire and Anamosa 
stages are even more easily recognized, though faunally the 
two stages are intimately related. In the Anamosa stage 
oblique bedding is unknown; lithologically the rock is an 
~arthy-, finely and perfectly laminated dolomite, not highly 
crystalline in its typical aspect, and 'too impure for the manu-
~acture- of lime. It may be quarried in symmetrical blocks of 
any desired dimens~ons, while the Le Claire limestone breaks 
into shapeless masses wholly unfit for building purposes. 
r;rp.e quarry beds of the Anamosa stage are quite free from 
FiG. it: Top ot cliff at Clay Mills, illustrating character of' bedding below the building 
~_ , stone layers of the Delaware-stage. 
fossils, but along the Cedar river in Cedar county, the brac-
hiop<,:>d falina of the upper part of the Le Claire reappears in 
great force ilia stratum fOU1~ f~et in. thickness~ up near the 
top of the formation. The beds of the Anamosa stage are 
very undulating and dip in long graceful, sweeping curves in 
every_ possible direction. The knobs and bosses and irregu-
lar -undulations developed -on the sea bottom as a result of 
the peculiar conditions prevailing during the Le Claire age, 
• 
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persisted to a greater or less extent after the age came to an 
end, and it was upon this unev~n floor that the Anamosa lime- " 
stone was laid down. The puzzling flexures of the A~a:mo~a 
limestone arid the puzzling variations in altitude atwpich it 
occurs were largely determined by irregularities in the upper 
surface of the Le Claire formation. 
AN AMOSA STAGE. 
The typical phase of the Anamosa stage is well illustrated 
in the beds that furnish the quarry stone at Stone City. 
Deposits of this stage, however, were first noted in Iowa at 
Le Claire and were correlated by Hall with the Onondago 
Salt Group of New York.* Since Hall's work in Iowa was 
completed these beds have been stuqied "by White at what is 
"now Stone City, t by Houser at various localities in Scott and 
Cedar counties:j: and by Norton in Linn county.§'MGG~e;s 
description of the building stonesiromthe Niagara of Idwa 
applies in part to the Anamosa limestone;11 " All the "writer'S 
mentioned, except professor Hall, refer the Anamosa.beds to 
the Niagara. The rocks of this stage, excepting a few 
favored l()calities such as Mount Vernon and C~q;1r Valley, 
are remarkably destitute of fossil remains. " At Le Cla:ire 
recognizable· fossils are" practically wanting andEall m~de 
hisdeter'mination of the age of the formation" on lithological 
. . . . . 
grounds alone. 
The quarries at Stone City are about four miles west. of " 
Anamosa. When they were first opened Anamosa was the 
nearest railway station and on this account they became gen-
.,. . 
era11y known as the Anamosa quarries. The stone was shipped 
to .many points in Iowa and even beyond the limits of the 
state, and became known among architects and engineers as 
Anamosa limestone. Under this name it was discussed in trade 
*Rept. on the Geol. Surv. of Iowa; Hall and Whitney, vol. I, p'art I, pp. 76-80. 1858. 
tRept. on Geof Surv. of the State of Iowa, vol. I, p. 18i,; vol. II, pp. 309-311. 1870. 
Uowa Geol. Surv., vol. I, pp. 203-207. 1893. . 
§Ibid., vol IV, pp. 127, 130, 18~, etc., 1'l95. In the text of Prof. Norton's report on Linn county 
these strata are ca,lledthe Mount Vernon beds. .. " . 
nTenth Census of the U. S., vol. X, Building Stone, p. 263, 1883. Iowa Geol. Bnrv., vol. I, pp 
30-32. 1893. " . 
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journals as well as in _ the newspapers wherever reference 
was made to the product of these quarrie~. _ The name has 
also been used in some of the minor publications of the sur-
vey. While therefore the beds of this particular stage do not 
occur at Anamosa, it seems best to retain a name so long and 
so firmly established, a name that has a definite meaning over 
an area as -wide as that in which this quarry stonPo finds a 
market; ;and therefore it is proposed to recognize these beds 
as the Anamosa stage of the Niagara series, and to call the 
rock belonging to this particular horizon, wherever found, the 
Anamosa limestone. 
- -
The Anamosa limestone varies locally; but in general it is 
composed of evenly bedded, perfectly laminated layers of 
FiG. 4. Beds of the-Anamosa stage in the western part of ChampIon quary at Stone City, 
_ showing the moderately strong eastward dip at this locality. 
rather impure dolomite that in color ranges through shades 
of buff, to gray on the one hand, and almost wbite on the 
_ other. In -many cases the beds are practically horizontal, 
but they more commonly exhibit long sweeping undulations 
dueto the uneven character of the floor upon which they were 
deposited. At the Penitentiary quarry the strata dip to the 
northwest at the rate of 100 feet to the mile, and at the west 
end of Champion quarry No.1, the beds for several rods 
incline to the east at even a greater angle. Furthermore the 
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same bed varies in thickness, the variation ranging from: sii 
- -
to eIghteen inches In less thau.a quarter of a mile.' --Ingen;.. 
eTal, however, -- the curves 6fflexure are so gentle 'and -th.e 
changes in thickness of ,individual beds so gradual that "\Vit1:lin 
the dimensions of any block of -stone that may probably be 
called for or eould possibly be handled~ the lamination planes 
are true and paralleL-
-'Theplanes oflatnination are at the same tirriethe bedding 
planes of the Anamosa limestone. The formation as seen-in 
J ones county is not' divided into definite -layers _ separated by -
partings of clay or softer limestone, but _- for:a thi~kilessof 
many feet the rock- presents all the appearance' of :a sil1gle 
finely laminated bed. Such a bed, however, is not through-
·out of uniform texture, but is made up ofparallelbands,differ-: 
hIg -frqm each other in minor characters. There:are cert;ai~ 
pla:o.esalong which,the union of contiguous laminreisw~ake~ 
th,an _ elsewhere, :;Lnd it is along these weaker --planes'that-:th~ 
rock tends to split _ when it is quartied: :Thequarryrnell 
recognize these ,particular planes and diVidethe'qua.rry'sonie,~ 
what'arbitrf1rily into beds varyi~g from three or f()ui,t~ 
thirty-SIx inches in' thickness.,Tt is'sometlmes possIble t6 -
work two or more of the beds tecognlzedbyq~arrYnleri 
together when bloclts thi~ker than' either bed alone.:~re 
wa~ted;and on the 'other hand any, of 'the beds maybe 'split 
,or "capped" whenstcmes for flagging or thinner slabs for 
any other purpose are desired._ _ 
At Stone City this --limestone has a thickness of sixty feet, 
and is divided by a porous~ ;worthless ledge into 'two nearly 
equal parts. The lower thirty feet is known as the _"gray 
- - -
limestone;" the beds iQ, the upper half of the:formation are 
~. . . 
described as the "white limestone." The most valuable 
. quarry stone comes from .the lower or gray limestone. In"the 
upper beds the cleavage along the lamination plaIles is more 
perfect than in the beds below; for which reason the rock in 
this part of the quarry tends to split into thin slabs, and l~ng 
exposure to the weather reduces it to chip stone. The 
/ 
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unweathered ledges of this upper limestone, while, unsuited 
to many architectural purposes, . serve· well for, , ordinary 
masonry ,for, if the blocks are properly q'uarried and .are laid 
in the wall on the "quarry face" withouly the edges of the 
laminre exposed to the weather, they will last indefinitely. 
On the other hand the lower beds:furnish excellent material 
for almost any kind of structure in which 'stone may be 
employed. There are ledges that will furnish massive blocks 
suitable for bridge piers; and there are beds conipact,'fine~ 
grained, and imperfectly laminated that afford dimension 
stone suitable for cutting into forms befitting ~ the higHer 
. grades of architectural work. 
In the lower divi~ion of the formation there are sotneplaries 
along which the rock is vesicular, the cavities'though rather 
indefinite .in shape, being evidently produced. by solution 'of 
small brachiopods similar to those characteristi~ of' tlreLe 
Claire. Occasionally there are cavities of larger size ,"6n:e; 
two or three inches in diameter. Some of 'these are lined 
with crystals of caleit,e, some are' studded with 'minute crys'-
tals of quartz, and there are' others in which both rriinerals 
. occur .. The upper white limestone furnishes many'interest~ 
ing,alm9stagate-like concretions 'of chert. . .... · " 
, Joints at intervalsi:htersectthebedsofthe Anarnos~ liine-
~tone, .buton the whole th~y are few and distant. ' They occur 
more frequently in som:e quarries than in others; and 'as a 
rule they cut through the whoiethickness of the formation 
in a nearly verti~al direetioll. . These joints facilitate the 
. work of quarrying, in ma.ny cases rendering the use of aehan~ 
neUer unnecessary,and yet are not so numerous as to inter- . 
iere·with the.getting out of blocks of any desired dimensions. 
There are some indicatiollsthat thejoints are not all of the 
same age. Those of more recent origin are still but a frac-
tion of an inch in width and have the walls. undecayed; in 
those that bear signs of greater age the,fissures have been 
widened by water and other agents chemically active in rock 
destruction, t~e walls show decay for some distance from the 
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vertical 8urface, and the spaces are occupied with a ferrugin.,. 
ousresidual clay which the miners of lead regions recognize 
as "crevice dirt," but which in some recent geological liter-
ature is known" as "geest. 
BERTRAM STAGE. " 
" "" ."" I. " 
Above the perfectly stratified beds of the Anamosa stage 
there occurs an irregularly bedded, non-fossiliferous rock of 
unknown thickness, which may be correlated with the Bert~" 
ram beds" described by Professor Norton *. "The BertraIll " 
limestone is a yellowish dolomite without lamination planes, 
and quarrylng· in shapeless mass~s of no possible utility. " 
~ 'Bastard stone" is what the quarrymen cal1 ,It. At Stone 
. . . .... . ..... 
City it appears at the top of the Anamosa quarries belonging 
to Mr. John Ronen. A great"er thicknes~ "of it is exposed in 
the "same relation to the quarry stone in the quarry known. as 
" Champion No.2," belonging to Hon." JohnA. Green. . In" S~n-·" 
ator Green's Champion" No.1, some beds of this stage have 
be~n exposed by receut stripping. As the work·of"quarrying ". 
progresses the exposed thickness ofth~Bertrambeds isce~ .. " 
"tain to increase~ ~At Champion" quarry No. "2, for example, 
". the "Upper surfaceo! theAnamosa"~tagerises about fiftY~fi.ve 
feet above the level of the Wapsipinicon river, "but the bluff ." 
at the foot . of which the quarry -is opened, has an altitude of 
180 feet above the. same level. . While the bluff is "covered 
with a thick :rp.antleofloess, there is yet room for ahundred 
teet of indurated rock above the level.or the AnanlOsa lime-
stone. 
'CARBONiFEROUS StnlUES. 
o ~ -, 
DES MOINES STAGE. 
In the southeastern" part of section 24, Fairview township, 
a great many loose fragments of coal measure sandstone were 
found in the side of a small ravine. The sandstone was noi 
seen in place, although it was evident that the originaL ledges 
were not very far away. The region is thickly covered with 
"'Iowa Geol. SlirY., vol. IV, p.135 et seq. 
CARBONIFEROUS DEPOSITS. 61 
loess and drift; ·itis also woodedand densely overgrown with 
underbrush; tlie geological structure is quite effectually con-
cealed. The blocks of sandstone were associated with expos-
. ures of tile clay that were manifestly. secondary deposits 
derived by ordinary erosion or by glacial action from beds of 
Carboniferous shales .. McGee mentions a bed of pebbly fer-
ruginous san.dstone three miles northeast ·of Oxford (probably 
OxfordJ unction), in Jones county.* The relations of the 
deposit are somewhat uncertain, although it is quite probable 
that the bed in question belongs to the age of the Iowa coal 
measures. Outlying fragments of coal measure strata are 
not uncommon in Jackson, Cedar, Linn, Johnson, Scott and 
Muscatine counties . 
. ~ 
During aU the time represented by the Devonian and Lower 
Carbonifer;ous beds of Iowa, Jones county was dry land. The 
. forces that elevated the continental masses had lifted this 
. part of the strata above sea level. .. The shore line at first 
passed through the southeastern part of Cedar, the north-
eastern partofJohn~o:n and the eastern part of Linn. The 
sea, however, gradually retreated toward the sout1?-and west, . 
the shore line became more an,d more remote from Jones 
county, until, toward the close of the Lpwer Carboniferous, 
probably the whole of what we now call Iowa had become a 
part of the continent. About the time the coal measure epoch 
wasinauguratedthe whole,Elouthern and western portions of 
the state subsided and were largely covered by the encroach"' 
ing Carboniferous sea~ This sea spread sandstones, shales 
and conglomerates as far north as Rockville in Delaware 
county. Such Carboniferous deposits were spread over the 
whole of Jones, but t~e deposits were thin,the sea soon again 
retreated, and subsequent erosion has removed nearly every 
vestige of these later sediments. Notwithstanding the lack 
of evidence from direct observation, it is still very prob-
ab~e that numerous outliers of Carboniferous strata are con-
cealed beneath the superficial deposits of this county. 
* Pleistocene History of Northeastern Iowa.. Eleventh Ann. Rep. U. S. Geol. Surv., p; 005. 
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GEE ST. 
. . 
The superficial deposits ofJ bnes county fall naturally under 
two heads, (1)' geest and{2} Pleistocene beds. The geest is' a 
prOdJiC~ of secular roek decay. In this county it is composed: 
.' chiefly of the insoluble cpnstituents of dolomitic limestones, 
though it may contaip. some resIdual material derived from 
.the'decayof Carboniferous 'sandstones and ,shales.· . Neglect-
ing the small portion of, possible' Carhoniferousorigin, the 
history of 'J ones county geestmay be briefly summarizeq.. 
At . the Close of the Silurian 'or early in the Devonian the 
region, which had previously heencovered by the sea,was 
elevated above tide level: The surface lay(j,I's of 11m est one 
were promptly attacked by the" weather." . M6is~ure, atmos-
pheric gases, and all other agents., thatiwork silently and . 
unobtrusively in causing rocks to crumble, combined to bring 
about' disintegration' -of the 'exposed beds.' Surface waters 
carried away the soluble, constituents" and the insoluble 
clayey and ferrugihous portions, reduced.toan incoherent 
l,ayer.of soil, remained. Exceptin.g . the'shortperiod .repr~­
sent'ed by the invasion 'o;fthe' Carbonifei~oussea;theworkdf 
rock disint'egrationand'removalof soluble constituents· has 
progressed uninterruptedly iromthe first ,el~vation of the 
regioniill the present .. This work was.interferedwith more 
or less by the incUrsions of Pleistocene ice' andthe,conse': 
quent distribution of apr<?tective covering of drift; hut in 
some localities it is progressing to-day as rapidly as ever.' 
Geest cannot be referred to any particular geologic age. 
The· geest of J ones COU1f~Y is a dark colored ferruginous 
clay, which usually contains fragments of chert. In places it 
'is largely made, up of ch~rt, 'for-thefiner clay is more easily 
removed by ordinary erosion,and so has been carried away 
by the mechanical effects of water, while the chert fragmeri.~s, 
too large for transportation, have been left. At times the 
geest contains 'rnanysilicifiedfossils, and the most satisI:ic,.. 
tory specimens of corals and brachiopods are often derived 
from this source. All the fossil remains fouild ill the' geest, 
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as well as all the chert which it contains, were originally 
distributed through beds of limestone that have slowly dis-
appeared as a result of ceaseless energy on the part of agents 
concerned in producing rock decay: A typical example of 
fossil-bearing geest occurs on the land of Mr. James Delay, 
in section 3 of Castle Grove township. ,The residual material 
is here only about a foot in thi0kness, but it abounds in 'well 
preserved silicified specimens of Pentamierus oblonq~(Ji Sowerby, 
Stricklandinia casteUCtnCb White, Zaphrentis stoke8i Edwards 
andHaime, and Fa'vosites (A8trocerium) hi.s:pidusRominger. ,In 
the road that runs north and south through the middle of 
this section the geest'is exposed in rain cut channels at the 
sides of the ,driveway, and contains a few specimens ,of 
Pentamerusoblonqus mingled with great, numbers' of angular 
fragments of whitish chert. In section 6 of Scotch' Grove 
township the residua1 products resulting from the decay of 
beds of limestone of unknown thickness contain three species 
of Favpsites, two of Lyellia, two or three Heliolites" one 
Syringopora, three" Strombodes,JJ?-any Stromatoporoids, 
gigantic cora~la of Halysites and Diphyphyllum, 't<?gether 
with, beautifully preserved specimens, of Cladopora" Goiiio-
phyllum, Amplexus, Zaphrentis and a' very large explanate, 
, Streptelasma. 
PLEISTOCENE DEPOSITS. 
The superficial deposits of Pleistocene origin are somewhat 
complex. They embrace (1) two sheets of till known respect-
ively'as the Kansan and Iowan drift; (2) some beds of water-
laid sands and gravels that are probablyinterglacial or Afton-
ian in age; (3) beds of loess clays and associated sands that 
()verlieboth first and second till and 'are connected genetically 
with events taking place between , and in front of, the ice lobes 
developed along the attenuated margin of the Iowan glaciers, 
and (4) alluvial beds of clay, sand and gravel of more recent 
origin, deposited on the flood plains of the streams. 
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The Kansan drift is quite generally concealed by the newer 
till. It is seen, however, in a few natural exposures where 
rain wash has cut through the thin Iowan drift, or in places 
. where the second drift has been bodily removed. The newe~:r 
till, if present at all, is very inconspicuous around Center 
Junction, and there are here many characteristic exposures 
of the lower or" Kansan drift. The Kansan drift is. funda-
mentally a blue clay,. but its upper surface, as seen near 
Center Junction, is dark reddish-brown, the color being due 
in part to the oxidizing effect of the atmosphere, and in part 
to the effect of growth and decay of many successive genera-
tions of plants. Below the superficial' oxidized portion the 
blue color predominates. The boulders of the older drift are 
small; usually are striated, and consi~t largely of greenstone .. 
All the" distinguishing features of the Kansan drift· are well. 
seen in railway cuts and in channels by the roadsides, not 
only. in the region indicated, but at "many other points in 
Jones county. 
The Kansan drift varies in" thickness from zero on bald" 
rocky prominences 'to iIldre than 200 feet in old preglacial 
valleys. While fundamentally a blue clay, it contains many· 
bands of sand and gravel which possess' no small .. degree of 
economic importance since they are the source of water sup-
ply in wells of moderate depth .. Near Center Junction the 
drift is more than 200 feet in thickness, but usually farm wells 
reach a supply of water in gravel beds seventy-five or eighty 
feet beneath the surface. 
In all surface wells of any considerable depth the blue clay 
of the Kansan drift is reaclled, and it is from wells that the· 
facts relating to its distribution and general characteristics 
have" chiefly been learned; A short distance west of Amber 
the railway cuts through ahill of super£cial deposits which 
show the following section. '" 
-" 
~. 
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FEET. 
3. Loess __ .,. __ .:. ____________ .,. __________ -:: ___ ~ _____ -4 to 5 
-2. Yellow till with rather large pebbles and. small -
boulders (Iowan drift) ________ . __________ .;_.;. ____ ~_ 10 
1. Blue clay withsmalLpeboles, clay somewhat strati;' 
fled (Kansan drift)~ ______ :. _____________ .,.. _______ .. _ 12 
.. The section is instructive as _ showing the stratigraphic 
relations -of ~the three .prevailing types of superficial. deposits. 
At the same time it shows the usual characteristics of the 
Kansan drift. In the. central part of the cut the clay is blue, 
imperfectly stratified and is charged with rather small, fine-
grained, greenish colored boulders. Toward the sides of the 
cut the Kansan drift comes near to thesur~ace.· It shows the 
effectof oxidation in its dark brown color. Its materials have -
beell iningled more or le:ss with the lower portiQn of the over-
lying thirilayer of Iowan. drift, so that it becomes impossible 
to qrawa -definite . lIne _between. the newer _and the .older 
deposits. - The JIlinglingof elements of the two tills along-
their .line .of contact is, asniight be expected, a very -comrp.on 
occurrence. 
-Ashallow well near the center of._ section 20 in Fairview 
tOWtl$hipmay stand·as the type of a-veri large number dis-
. tdbuted throughout the drift covered portions of the county. 
This'well was ~ug just outside the margin of the loess which 
is developed along the Wapsipinicon river. It shows the fol-. 
lowing section: 
5. 
4. 
3~ 
2. 
1. 
_ ._ .' FEET. 
Black loam or vegetable mould _____ .,._______________ 1 
Ydlow cl;iyof Iowanstage. __ :-_____________________ 8 
-Dark brownish band, upper porti()n of Kansan stage_ 4 
Blue clay: unoxidized _portion of Kansan stage __ ..; _ _ _ 12 
Sand in which occurs an abundance of water . ____ ~_. t 
BeloW-number 1, a test with anauger shows a reCUrrence of 
blue clay. The water-bearing sand is interbedded with the' 
characteristic clays of the Kansan stage. No.3, is quite fer-
ruginous and highly oxidized at top. Lower down it passes. 
into the blue clay of No.2. In many wells the yellow till of 
Iowan age has a thickness of fifteen to twenty feet. Between 
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the two tills the well-diggers often encounter trunks and 
branches of trees,the remains of an old"forest that occupied 
the region during theJong interval which sBparated the two 
glacial periods recorded by the Kansan and Iowan drift. 
The Iowan till is superficial over the larger part of the 
dtiftplains 'already noted in describing the physiography of 
the county. Its thickness rarely exceeds twenty feet, and 
usually it is much less. Compared with the Kansan till it " 
presents the following differences: (1) It is'very niuchthin-
net. (2) It is yellow in color, while 'the Kansan clays are 
blue. (3) It contains' large boulders; Boulders exceeding 
a foot in diameter are rare in th.e Kansan drift. In t-he Iowan 
, drift boulders'six or eight feet in diameter are c6mmc)ll, and 
great masses'measuring twenty feet in some of their dimen:. 
sions, are not infrequent. (4) The larger and 11lOre charac~ 
teristic boulders of the Iowan drift are composed of coarsely 
crystalline, light" colored granite; the characteristic boulders 
of the Kansan drift a-re ±ine-gl~ained, dark colored greenstone.' 
(5) The small boulders of the Iowan drift are less frequently 
striated than in the Kansan. (6) The second till contains a 
much smaller proJ?ortionoi fragments" of local origiu.(7) . 
The Iowan ice sheet rode over the older surface materials 
, without disturbing them to any considerable extent; the.,Kan-
san ice 'sheet cut down to bedrock and recorded the direction 
of its movement in strire engraved on the native limestone 
ledges. 
Between the two ~,rift "sheets in Buchanan county there are 
occasionally "",beds' of yellmyJsh, stratified, generally .cross-
bedded sands and gravels that may be Aftonian in age. It is " 
proposed to call them'the Buchanan gravels.* Yellow strati-
fiedsands and gravels or similar appearance occur at many 
points in the Pleistocene deposjts of Jones county. ' Thyy 
may; possibly, be referable to the same age as those of Buch:; 
~nan county, but their relations to the sheets of till have not 
* The Buchanan Gravels: An Inte,TCJladia~ Deposit in Buchanan County, Iowa, by Samuel 
Oal vin.Anl.. Geologist. vol. nil,. p. 76. 1896. • 
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beendennitely determined. Typical exposures of such Pleis-
tocene sands are seen along the border of the "second bench" 
or upper flood plain of the Wapsipinicon river in the Ne. qr. 
of section 14, :B'airview township.Wherev~r these gravels 
occur they furnish the best of materials for the improvement 
of clay roads. 
The loess is anne yellow clay haying nearly the same color 
as the Iowan drift. It is fairly homoge~eous in composition, 
the differences which it presents being due to varying propor-
tions of sand mixed with the clay. Loess contains neither 
pebbles nor boulders, a fact which distinguishes it from the 
yellow chl,y of the .second till. It is one of the most impor-
tant Pleistocene deposits of Jones county, for fully half the 
area is occupied by beds of this peculiar formation. The 
largest continuous loess covered region occupies a space of 
more than a hundred square miles in the northeast corner of 
the county and embraces all of Washington !lnd Clay town-
ships with portions of Richland, Scotch Grove and Wyoming. 
The area next in importance has a width of from two tofonr 
miles on both ~ides of the river .at Anamosa. Ridges o£.loess 
extend with some interruptions through the southern part of 
-Wayne arid the northern part of Jackson and Madison town-
ships, and connect the Anamosa with the northeastern area. 
In the central and southern part80f Jackson and Madison 
townships narrow ridges ofloess alternate with flat bottomed 
intervales covered with Iowan drift. Southeast of Hale is. a 
loess area embracing quite a number of square miles; west of 
Olin there are high ridges covered with the same formation; 
while in Greenfield township there are numerous conspicuous 
paha ridges capped with loess. The northwestern part of 
J ones county is comparatively free from loess. The gently 
undulating surface studded with conspicuous boulders of gray 
granite, announcing as it does the universal presence of the 
Iowan drift,·.· is, even here however, occasionally broken by 
loess covered paha ridges. Such a ridge, having a length of 
several miles, crosses obliquely' the north line of Cass 
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township in section 4, and McGee's Monticello paha occurs 
in the south half of section 33 of 11onticello township. 
McGee has called attention to the peculiar hypsographic 
,distribution of t1;te loess in this part of Iowa. * It not only 
overliest.he drift, but it seems preferably to be distributed on 
plateaus, crests of rock, and morainic ridges of till that rise· 
conspicuously above the level of the average drift plain. Ref-
erence has already been made to the fact that the summits 
of the loess covered ridges on. both sides of the river near 
Anamosa, rise to a height of one hundred feet above the level 
of the adjacent regions which are covered with Iowan drift. 
All the isolated, loess-capped paha ridges have an elevation 
of from forty to sixty feet above the neighboring boulder-dot-
ted plains, and the large loess areai:t;r the northeastern part of 
the county is a plateau having an average. elevation of sixty 
or seventy-five feet abo:ve the drift covered areas that inter-
digitate with its lobed orsinuated margin.. 
In the. case of isolated ridges and minor ar.eas'.of loess there 
is evidence that many of the peculiarities of the present topog-
raphy were developed. before the loess, was deposited .. 
Around Anamosa>there .are ri~ges of limestone that would 
rise above the level of adjoining areas if :3;11 the loess were 
stripped from their summits. As NIcGee.haspointed out, .the 
river flows in a gorge which cleaves a rocky ridge, and the 
presence of this ridge seems to have been an important fac-
tor in bringing about the deposition of the 16ess. The Monti-
cello paha is simply a mantle of loess spread over a prominent 
crest of rock that, before it was concealed by the :fine yellow 
loess silt, stood out conspi~llOusly above the general level. 
At the northwestern end of the paha the rocks are still 
exposed in a number of' bold precipices twenty to twenty-five 
feet in height. A short distance southwest of the main :pap.a 
ridge there is a second rocky crest, but smaller and 10'Yer than 
the first. This crest is bare even of drift for a length of thirty 
rods, but at its southeastern end it passes under a veneer of 
* Pleistocene Rist. of Northeastern Iowa, Eleventh Ann. Rept. U. S. Geol. Surv., p. 301. 
LOESS. 69 
loess which eventually blends with the loess of the larger 
'ridge. Within the distance of half a mile to the southwest 
there ·are m~ny less prominent knobs and bosses of rocks 
which are bare toward the southwest but covered with soil on 
the southeast. They were not prominent enough ,to bring 
,about the conditions necessary for the deposition of loess. 
A typical illustration ofloessdistribution'rnay be s~eh one 
andahalf miles south of Cente~JunctioIi.Thesurfaceis 
ridged and rolling, and superficially the ridges, particularly 
on their suIllIiiits, are made up of loess. But the roadway is 
eutiri.to some of the ridges far enough to show that the loess 
is insignificant inamouIlt, and that it forms only a thIn ve~eer 
over the summit of ridges of drift. Thed:rift is mainly of the 
Kansan type, with brownish,ferruginous ,clayc~ntaining 
many" sma.ll; : dark, green, fine-grained and~sually striated , ' 
boulders.' The' ridge's, however, were, present before the 
16esswas,laiddown~ , 'The loess simply accentuates some 
f~aturesof apre.::existingtopography; , . 
That the major'topographic featuresof.T ones countY-were' 
developedbefor¢ the deposition of the loess is well shown at 
, ,a number of points. Even the river channel ,between Stone 
City and Anarr:t()sa, which IS cut 120 feet below the average 
levelof the d:dft and 220feetbelowtlie sumInit of the J~ess 
that crowns; the walls of the valley jsnotoIily.pre,Joessal,~but 
ispreglaciaL Both loess and drift, in beds undistutbeq. ~since 
first deposit'ed,come;down"bn the sides of the .valley prac.tic-
aHyto the present level'of the wa~el" At Senator, Green's 
,Champion quarry No. 1, undisturbed loess,()verlies athin:,bed 
6f Kansan drift. Near the fair ground, northeast of Ana-
Illosa, and' about 40 feet abbv~ the river there are expo~~es 
of ,drift. Three-fourths of ,a mile north 'arid 65 feethlgher, 
the loess has'been eroded down to ,the drift, and expose$ a 
large gray "granite boulder of the Iowan type, and yet 
this,:point is 120 feet below the summit, which the road finally 
surmounts near the southwest corner of section' 30, of Wayne 
township. ' 
'lGRep 
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, ' Beds of' alluvium or river silt' have been deposited on the 
fiood.plains of all 'the streams. ' IIi the table of geological 
'formations, on, page: 48, alluvium' is referred to the, recent 
~poch.:The formation has' been in progress of deposition 
'eversince-the withdrawal of the second ice sheet~ 'Some of 
it dates orily from the latest, Qverfiow, butty far 'the most 
impo:ftant'pa,rt of it is but little, if ariy, younger than the 
loess. "The' flooded stteams carrying torrents of' water' from 
'''meltIng glacier$carried' also enormous'loads of gravel, sand 
and fine glacial silt~ and these ,materials, deposited upon the 
overflowed -plains, furriishedthe larger portion of the pr~sent 
, alluvium. ',,' ,'- ' "',, " ' , 
'" 'Bodies of alluvium of suffiCient importance to deserve'spe-
, ~'cialnoticeare foundatonl:y; 'a few,points in the county. 
MontIcello ,has been built on the' margiil:'-,of ,an ',alluvial,pl~in 
that extends u,p, the val~ey of Kitty creek for some distance 
on theolie hand and up the valley of the1{[aquoketa to beyond 
the Delaware county line on the othex~ ,The thickness of the 
. deposit varies from a foot or two at the ma~egins to'morethan 
thirty feet in the aXial parts ()f the :valleys~ - At the ,base the 
-'deposit is-composed o£gravel. This is covered by sand; and 
: on the sand rest beds of' stratified clays of e;xceUent~quality' 
'for ,the manufacture of brick and,. tile. The broad fiood'plain 
"that extends fromN ewport almost' to Hale is ,occupied_With 
:alluVial deposits. These -d~posits are often very sandy, ' but 
in the ne-igliborg.()od of Olin they contain tile clays of demon-
'stratedexcellence., Oxford Mills and Oxford· Junction stand 
ttl the midst of a pl~in co-v~redwith alluvium. 
Typical Exposur~s._ 
. A ,iarge -proportion ~of ,the rock exposure~ in Jones county 
. "bglop.g:' to the Delaware stag-eof the Niagara. " The chapw~ 
:teTIstics 6f: the different 'beds of this stage are~ 'however, very 
"inconstant; and the strata-:or the 'same horizon vary locally, to 
stich an, extent as to make' the correlation of the several 
exposures exceedingly difficult. The contact of the_'Niagara 
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with the underlying Maquoketa was not seen. The lowest 
beds observed lie at least sixty feet above the line of junction 
hetweenthe two formations. At this lowest observed horizon 
the dolomitic limestone is sometimes crowded with -casts of 
large individuals of Pentctmerus oblonqtl8 Sbwerby. In the 
valley of the North Maquoketa near Cascade, a few feet above 
the level of the river, there are Pentamerus beds with cherty 
partings, in which the fossils are unusually perfect. As a 
result of conditions somewhat unusual in our Iowa dolomites, 
many of the individuals retain portions of the original shell. 
Pentamerus beds, alternating with some coral-bearing and_ 
many unfossiliferous layers, are found in the bluffs up to a 
height of sixty feet above the level of the river. The, horizon 
of small silicified colonies of Halysites catentllatus andSyrin-
qopora nitellc( occurs below the middle of this section, and the 
corals named'rangethrough ledges that together have a thick-
ness ofeigbt -or ten- feet. The coral beds are followed by 
one foot of Pentamerus-bearing limestone and twelve feet of 
coarse limestone without fossils. Higher up is a third Pen-
tamerus bed,above which the rock becomes massive for fifteen 
to twenty feet, and shows no fossils. Above these massive 
beds the strata are again crowded with Pentamerus, but the 
individuals are smaller, and many belong to the species PentCfAn-
erus perqibbosus Hall and Whitfield. Associated with P. per-
qibboS1IS are Cej·ionites dcwtylio'1.:cles Owen, OarYOG1'inus ornatus 
Say, and Leptcena -1'hornboiclalis Wilckens. In other portions 
of the-county there often occur, aboye the horizon of Cerion-
ites, massive barreu. ledges of variable thickness, followed by 
some twenty or thirty feet of evenly bedded building stone. 
The forgoing facts are not derived from anyone section. 
They are offered as a generalized statement of what may be 
learned by combining the -observations on a number of differ-
ent exposures. They illustrate the sw:;cession of beds for 
the lower 200 feet of the Delaware stage. The difficulties in 
the way of correl~tion of the numerous outcrops of this stage 
arise from the fact that, during the progress of- deposition of 
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the limestone, the types of life were not uniformly distributed 
over the bottom of the Niagara seas.' At any given time 
there were areas supporting vigorous. colonies of certain 
species,' but the assemblage of species differed more or less 
in different localitie~, and there were at the same t.ime inter-
veninga:reas over which living forms were very sparsely dis-
. tributed". or from which they were entirely absent. 
:, . The exposures of Le Claire limestone in Jones ~ountyare 
.neith~rl1umerous nor conspicuous. . Isolated masses of this 
limestone, when free from fossils,and so situated as not to 
show its relations to the Delaware and Anamosa stages,ca7l--
not be distinguished from certain heavy bedded, highly dolo-
mitized,~nfossiliferous portIons of the lower stage. Beds of 
the Anamosa stage' have. pronounced lithological c'haracteris-
. tics ·which~end~r them easily recognized,but the Bertram 
. beds can only:bedistinguished by their stratigraphical rela-
tions to the Anamosa . 
. Without in all·· case~ ~ntering' into .details of sections, 
which would: not be in~tructive, or attempting to correlate 
the several exp~su,res, which would often be impossible, the 
more impQrtant and instructive of the rock exposures in "the 
several towIlships may. be briefly noted. 
CASTLE GROVE TOWNSHIP. 
Characteristic exposures are found in Castle Grove township, 
:alongHrovecreek, Silver creek 'and West creek. In~he 
·northeast quarter" of .sectionS, the soil is" thin . in places, 
. -and on the n.orth side otGrove creekweatheredm.assesof 
dolomite belonging to, the Delaware stageappoor, on the sur-
face. South of the creek, in the same quarter. section, a 
quarry was-formerly worked, and furnished a' fairly good 
qualiti.of stone for ordinary purposes. Interbeddeds,with 
the limestone in this. quarry are many bands of "chert. , . Over-
lying the quarry stone is a layer of dark, ferruginous, resid-
ual clay, or geest, resulting from secular decay. of overlying 
beds of limestone. This geest .containsJ)eautifully preserved 
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silicified specimens of Pentctmerus oblong1J!s subreotusHallvar., 
-Stricklandinia oastellana White, Favosites (Astrooerium) hispi-
dtf/3 Rominger, a~d Zaph1'entis stokesiEdwards and Haime. At 
the point where the quarry is opened the soil is composed 
wholly of geest, with a thin layer of vegetable mould. Till 
seems to be entirely absent, and yet lying on the surface of the" 
geest or partly imbedded in it, there area few rather small 
erratic boulders. The ampuht of detrItus left by the ice 
sheets was in many place.sexceedingly sm.all. " 
North- of Grove creek, in the southwest quarter of' section 
2, the . scant soil is insufficient" to conceal a great number of 
dolomitic ledges which crop out on a gently sloping hillside 
facing the south. Some of the badly weathered masses are in 
place, but many seelU to be strewn irregularly over. the sur-" 
face. The most conspicuous fossils here are very large inter-
nal casts of P. oblonqus sinuatus McOhesney var.· Some of 
the beds at this locality when first laid down included "gigan-
tic corallaof"a slender stemmed Diphyphyllum. Th~r:~oral, 
, . .:' 
however, was not subsequently silicified, and it ha~ been 
entirely removed by solution leaving sinuous, anasto:rp.osing, 
closely ~rowded, tube-like channels which pass vertically 
thrQllgh ledges many inches.in thickness. "" About" fifteen feet 
below the level of the large sinuated "Pentamerus the beds· 
contain silicified fossils; and Pentamerus of the ordinary type, 
together with Alveolites .interstinctus, Lyella amerioana, Pavo-
"sites nictqarensis and other corals, occur in" cherty masses 
". upon the surface. . Stdcklandinia is present in beds immedi-
ately be:q.eath ~he coral-bearing horizon. Other eXposures in 
this "tQWllsblp are found· in section 24. 
, MONTICELLO TOWNSHIP. 
In section 19 of Monticello tOWllship-.there are outcrops of. 
the Delaware stage, the chief interest of which lies in the fact 
that a stratum about twenty feet in thickness, made up of 
cemented segments of crinoid stems and containing but little 
magnesium carbonate, lies in the midst of unfossiliferous 
It 
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dolomite. This' crinoidal bed, so strikingly different in. its 
fossil contents and chemical composition from any of the ordi-
'--n~ryphases 6f the Niagara, occurs in adjacent sections of 
Monticello and Castle Grove townships and in section 4 of 
Wayne, but was seen nowhere else in the county. 
. In sections 32 and 33 of :Nlonticello township, rough, jagged, 
worn masses of Niagara illustrate in a typical way the effects 
of weathering on this formation. Around the northern foot 
of the Monticello paha "the exposures assume the form of 
weather-corroded cliffs, twenty-five or thirty feet in height. 
Southwest of the paha the rocks project above the general 
level in the form of sharp ridges, trending southeast,' and 
probably ten feet in height. West of;the road which runs past 
the root of the paha a few.small quarries have been worked to 
supply'locai needs. The rocks here are generally without 
fossils; Specimens of a small tubed variety of Fc{;vosites ·ja'Vo-
sus',an~unrecognizable silicified Stromatoporoid and 'rocks 
containing tube-like channels, from which stems of Diphyphyl-
lum . have- -been' removed by solution, occur very sparingly. 
The :rock generally has an earthy fracture quite unlike that 
. of the semi.;crystalline portions of the formation composed of 
-pure dolomite. 
, .Inthe bluffs that border the river bottom east of the mouth 
of Kitty ci'eek, there are exposures which contain a fauna 
characteristic Df the horizon of Pantcmnel'us pet'qibbo8US. The 
rocks are badly weathered, are intersected by numerous fis-
sures, and contain a great many cavities. rJ.1he fossils, which' 
are all in the form of qasts, embrace Fct'Vosites jorbe8i or a 
related spberical species, Halysites ccttenulatu8, a species 'of 
Thecia, (/erionites dctctylioides, SctGcOCrinu8 chl'istyi, another 
crinoid related to Hexacrinus, Pentcbnwl'US perqibb08u8, l{pirife-r 
eudoJ''Ll8; ~nd an"undetermined Orthoceras. From two to three 
miles northeast 'of 'Monticello, in the southeast of secti~n 11 
and in adj-oiIiing parts of 13 and 14, there are many outcrops; 
and in the ravine followed by the road running between 11 and 
14 the P. perrqibbo8u8 horizon is exposed. Fossils are more 
-.~. 
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numerous than in the bluffs east of Monticello, and among the 
other f~~ms belonging to this horizon there are casts of Euca-
lyptO(frinU8 O1Yt88U8. South of the road the hill rises fifty feet. 
above the level of the P. 'pergibbowu8 beds. . The surface is 
strewn with detached rock' fragments and diversified with 
numerOus small outcrops of ledges in place. The rocks are 
generally barren, but a few colonies of Halysites and Syringo-
para were.ohserved in the loose masses scattered over the 
surface. Near the summit ,of the . hill the evenly bedded build- .. 
ing stone layers of the Delaware stage have been quarrieq on. 
a small scale.. " 
.. One andone.,fourth miles northeast of Monticello a quarry' 
has been opened in._thequarry stone portion 6f the lower 
s·tage. . The rock here is rather soft and asu8ual furnishes 
nofo~sils. .This quarry stone horizon of the Delaware is quite 
,constant ~bout 200 feet above the 'base of the formation, and 
twenty, thirty or forty feet above the beds that furnish P. 
pergibbo8u8 and Ce~ionites. . 
Other exposures occur along the Maquoketa in sections ·23, 
25 and 26 of this township; 'and jnthe southern parts of 35, 
and 36 there are many stony hills and outcrops, the beds of 
which fU'rni$h nO fossils nor do they show any characteristi9s 
by which they could be referred to a definite horizon. 
. RICHLAND TOWNSHIP. 
Richland toWnship is' largely covered with loess. The'rock 
exposures are limited to the bluffs along the Maqu0k:eta river 
in sections 30 to 35, and to the valleys of some small streams 
in the neighborhood of Bowen's' PraIrie. Along the river 
there are cliffs of limestone thirty to forty feet in height,. 
and. composed of massive beds intersected with numerous 
joints and fissures. The foot of the cliffs is often unde.rmined 
for a distance of ten or fifteen feet, and cavernous recesses 
have been' excavated, by weathering, in their vertical faces.' 
Fossils are rare, but the horizon is clearly indicated by 'the 
presence of Cerionites' and P. pergibb08u8 eight or ten. feet 
above the level of the water. ; .. 
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There are some exposures near Bowen's Prairie;" and in the 
bed of the small creek east of the schoolhouse and cemetery 
the rocks contain many small individuals of Pentamerus 
oblonqu8. The horizon is lower than the P. perqibbo8u8 beds. 
WASHINGTON TOWNSHIP. 
Rocks are exposed in the valleys of all the streams in 
Washington township. Along White Water creek and the 
North Maquoketa, the sides· of the valleys are quite precipi-
tous, sometimes "tanding in vertica:l cliffs. :More frequently, 
. however, they take the form of steep bluffs, that here and 
there expose moss-covered walls of rock, ten, twenty or thirty 
feet in height; while elsewhere the rock is concealed by soil 
and talus which support gloomy forests of oak and maple .. 
Mosses, ferns and trailing vines conceal immense detached 
masses of limestone, that, in the erosion of the valleys, 
were u~dermined and rolled down from some higher levels. 
An exposure typical of a large number along the North 
Maquoketa is seen in the walls of the gorge, down which the 
road winds on its way to the ford in the northeast quarter· of 
section 26. The rocks are not very fossiliferous, but the sec-
tion shows various phases of the Pentamerus and Cerionites 
beds up to the evenly-bedded quarry stone of the Delaware 
stage which here occurs· 150 feet above the level of the river. 
The paucity of corals in this section, and the absence of 
silicified fossils of any kind, are in striking contrast with 
what occurs in many other places at the same horizons. Even 
Pentamerus is scarce, while only a few miles away there are 
beds at the same stratigr~Rhic leveicomposed entirely of 
crowded individuals ·of p~ oblonqus. The county furnishes 
many equally striking illustrations of local variations in 
the distribution of the Niagara fauna or in the dolomitization 
and other processes that have affected the Niagara limestop.e 
since its deposition. 
Exposures of the quarry stone beds on Farm creek, in sec-
tion /28, furnished the material used in the erection of Saint 
Peter's church and other buildings at Temple Hill. 
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CASS TOWNSHIP. 
Cass -township has a number of interesting rock exposures 
along Buffalo creek and its tributaries in sections 29-34. The 
cliffs of massive bedded dolomite are mostly of the .Le Claire 
stage, but in section 33 the building stone beds of the Ana-
mosa stage are well developed. Two large quarries are opera-
ted near the south line of the southwest quarter of 33. One 
is the Penitentiary quarry or State quarry, owned by the state 
and worked by convict laborers; the other is the Johnellen 
quarry, owned and operated by Hon. J. A. Green. The two 
quarries are in fact continuous, and present a frontage of 
nearly a quarter of a mile. The quarry face is a curve, 
describing the quadrant of a circle, trending at first toward 
the west at the east end of the State quarry, and finally 
trending north at the north end of the Johnellen quarry. The 
strata dip toward the northwest. Fully twenty feet of Le 
Claire limestone are exposed above the railway grade at the 
east end of the State quarry, but for a few rods the beds dip 
at a steep angle, and the base of the Anamosa stone soon 
reaches the level of the tracks. The inclination is afterwards 
more gentle, but at the north end of the Johnellenquarry the 
base of the quarry stone is twelve or fifteen feet below the 
level of the railway. A short distance northeast of the last 
point the upper surface of the Le Olaire beds rises even above 
the level of the top of the quarries just noted, and the Ana-
mosa stone has disappeared as a result of erosion. The floor 
of the sea at the beginning of Anamosa time was exceedingly 
uneven. 
The Le Claire limestone-alon,g- the Buffalo would furnish 
'-' 
excellent material for lime. 
WAYNE TOWNSHIP. 
Rock exposures in W ayne to~ship are confined to its 
northern part. The central part of the township is occu-
pied by gently undulating drift, and its southern portion is 
traversed by morainic ridges capped wit4 loe~~. Tl:~gr~ g,rt} 
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unfossiliferous, characterless exposures of rock in section 1, 
but the most conspicuous outcrops occur in sections 4 and 5 . 
. On both sides of the valley of Kitty creek, in the west half of 
section 4, ~here is an area, more than 200 acres tn extent, over 
which the surface is broken and hilly,the depressions are 
occupied by a thin soil, and the eminences are in the main pro-
jecting weather-beaten crags of dolomite. The surface is 
·largely strewn with displaced fragments. Similar conditions 
prevail in the eastern part of section 5. This area in Wayne 
is continuous with the area of rock exposures west and north 
of the Monticello paha in Monticello township. The rocks 
represent some of the multitudinous phases of the Delaware 
stage. In places they are massive. Elsewhere they lie in 
layers thin enough to be easily quarried, but they are ren-
dered almost useless by the presence of large quantities of 
chert. Half way between the center and the northwest cor-. 
ner of section 4 the imperfectly dolomotized crinoidal -lime-
stone already noticed is exposed. Tubular cavities.left by 
solution of coralla of Diphyphyllum are seen occasionally in the 
dolomitized portions of the exposures. More rarely silicified 
stems of Diphyphyllum occur, and there are occasional speci-
mens of Favosite8 jClVOSi((,S. The rock has been quarried ·at a 
few points, and the loose masses with which the surface is 
encumbered have been used in building miles of fences. 
A small cut on the railway, one mile northeast of Lang-
worthy, shows well one phase of the Delaware stage. There 
are no signs of true bedding. The rock is cleft and fissured 
in every possible direction and if quarried would come out in 
shapeless pieces. Furthermore the rock is not uniform in 
character f6r any distance in any direction.. A part of a 
given block defined by the irregularly disposed fissures may 
be hard, crystalline dolomite, while the rest of it is soft, yel-
low, granular and earthy. Fossils are scarce. The few 
observed belong to the general Diphy-phyllum, Favosites 
and Rhynchonella. 
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SCOTCH GROVE TOWNSHIP. 
The whole course of the Maquoketa river, so far as it lies 
in Scotch Grove township, is bordered by bluffs of dolomite 
belonging to the lower two-thirds of the Delaware stage. 
Along the great loop of the river in section 5 the cliffs include 
beds containing PentamerW3 pergibbo81.l8 and Cerionite8 dacty-
lioide8.The faces of the cliffs are worn into caverns. There 
are re-entrantrecesses due to widening of fissures, and there 
are threatening masses which overhang the receding, softer 
and more easily eroded basal portions of the ledges .. 
In the southwest quarter of sec~ion 6, and on both sides of 
the road that passes diagonally throug'h -section 7, there are, 
in the thin-soiled, stony fields, many rocky exposures of the 
same type as those seen in the adjacent parts of Wayne and 
Monticello townships. In general the rock is barren of fos-
sils, but about one mile northeast of Scotch Grove, in section 
7, there are masses containing the tubular spaces left by 
-solution of stems of Diphyphyllum, indicating the growth in 
this locality of gigantic coralla many fe.et in diameter. Along 
the west side of section 5, and in the east half of section 6, 
the surface is strewn with silicified corals belonging to a 
great number of species. The elevation is about the same as 
that of the barren, or nearly barren, beds only a mile or two 
to the west. Among the silicified corals are enormous coralla 
of Diphyphyll1tm mt(;lticCtttle comparable in -size to the corals 
that have disappeared by solution northwest of Scotch Grove, 
and doubtless belonging to the same species. In this locality 
it seems the growth of corals was very luxuriant and the con-
dition.s for their preservation by the substitution of silica for 
the original calcium carbonate were usually favorable. In 
the other locality, only a mile or so away, life was absent 
except in a few favored spots, and the metasomatic or pseudo-
morphic changes essential to the preservation of the skeletal 
-parts failed because the necessary conditions were not pres-
ent. The corals scattered over the surface- in the western 
part of section 6 are part of the residual products resulting 
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from decay of layers of dolomite that have been removed from. 
the region. They are constituent parts of thegeest. . Similar 
corals are wholly or partly embedded in residual soil, and the 
same species occur in silicified. condition in the undecayed, 
underlying ledges of dOLomitic limestone. Along with the 
corals the undecayed beds often contain numerous internal 
casts of Pentamerus oblonqus, some of which are silicified, 
though the majority are not.. The assemblage of corals in 
this interesting locality embraces the following species: 
Heliolites meqastoma McCoy. 
HelioUtes interstinvtus Linnreus 
Lyellia americana Edwards and Haime. 
Lyellia, undescribed species. 
Halysites caten'tdata Linnceus. 
Syrinqop07Yt annulatct Rominger." 
• Sprinqopora verticillata Goldfuss. 
Favosites jCtvosus Goldfuss. 
Favosites niaqcbrens'is Hall. 
Favosites (.Astrocerium) hisinq6j"/ Edwards and Haime. 
F(];vosites obliqu1tS Rominger 
.Alveolites undosus Miller. 
Oladopora laq'twata Rominger. 
Zaphrentis 8tokesi Edwards and Haime. 
Strreptelasma pCttula Rominger. 
Amplexus shumardi-Edwards and Haime. 
Ptychophyllum expansum Owen . 
. Strombodes qiqas Owen. 
Strombodes pentaqonus 'Goldfuss. 
Strombodes mamillavus Owen: 
(}oniophyllum pyramidale Hising~r. 
Besides the species mentioned, there are large silicified 
StromatoporQids, forms related to Diphyphyllum, with stems 
three-eighths of an inch in diameter and growing embedded in '" 
Favosites hisinqeri, a very large, 'wheel-shaped Streptelasma, 
related to S. patula, half an inch in length, and more than two 
inches in diameter,. an encrusting species of Thecia, and a 
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number of others that have not yet been studied. While 
most of the species ocellr elsewhere, no other locality affords 
evidence of such luxuriance of coral growth as is witnessed 
here. N early all the species are represented by coralla of 
unusual size. Gigantic masses of Halysites that are evi-
dently mere· fragments of the original coralla, are five feet 
in length; four feet in width and three feet in thickness; and 
there are many fragments of colonies of Diphyphyllum 
equally as large. T'he conditions favoring the exceptional 
growth and perfect preservation of the corals were limited to 
a relatively small and sharply ~efined area. We have here 
another striking example of definitely localized conditions. 
CLAY TOWNSHIP. 
The principal rock exposures in Olay township are found in 
the bluffs along Farm creek and the Maquoketa river, and in 
the lateral gorges that. open into the yaUeys of these two 
streams. At the bridge, a short distance southwest of Clay 
Mills, there are massive beds without signs of stratification, 
crowded with casts of beautifully preserved, medium sized 
- -
individuals of Pentamerus oQlonqus. The Pentamerus beds 
have here a thickness of about thirty feet. They are almost 
wholly free from silica, and they contain no conspicuous 
corals. Above the Pentamerus beds there are weathered 
ledges of dolomite, bearing few fossils, and having a.thickness 
of fifty to seventy-five feet. Immediately west of the village 
of Clay:NIills the dolomitic cliffs have an. altitude of 145 feet 
above the bed of Farm creek, and 150 feet above the Maquo-
. keta i'iver. The lower fifty feet at the base of the cliff, 
including the prolific Pentamerus beds seen at the bridge, are 
concealed by talus. Above 'the.talus slope the ledges form a 
vertical wall ninety-five feet in height. (Fig. 3.) The structure 
of' similar cliffs may be studied east of the village, along the 
road which, taking advantage of a favorable arrangement of 
the talus, follows close to the foot of the vertical wall and 
gr:;Ldually attains the summit of the bluff. .' Pentamerus is 
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found sparingly up to fifty or sixty feet above Farm creek; 
there are a few traces of feeble colonies of Halysites; but 
fossils of every' kind are· rare ·above the horizon of the Pen-
tamerus beds at the river, ~~nd none of the species are silici-
fied. At the summit of the blu:.ffi,about a quarter of a mile 
east of Clay lviills, the. road reaches the level of the quarry-
stone of the Delaware stage. The quarry beds, horizontally 
and evenly" stratified, vary from three to fifteen inches in 
thickness, and are much superior in quality to beds of. the 
same horizon in many other localities. Eagle rock is a con-
spicuous rocky promontory faci.-ng the river in the southwest 
of section 13. It has an altitude of 150 feet above the water 
near its· base., It shows essentially the same succession. of 
beds as seen at Clay mills, and its ~Un:i.mit· is capped with 
layers of evenly. stratified building· stone. The road, which 
winds diagonally through section 15, follows a deep ravine 
with high, rocky walls. The walls exhibit the same charac-
teristics as the sections already noted, and include all the , . 
ledges, from the prolinc Pentamerus horizon up to the build- . 
ing stone beds. But in none of thes~ sections is there ·any-
thing to correspond to the coral beds of seetion 6in Scotch 
Grove township. A few small, silicified corals were found 
free in the bed of a creek in the llorthwe'st of section 15 of 
Clay township; but although the creek bed· should have con-
tained residual products from probably 200 feet of limestone 
. removed by erosion, silicified fossils, or even fragments of 
chert,· were so few in number and so small in size· that they 
could be found only by careful s.earch. This region probably 
. ~~ 
never supported more than a few feeble colonies of corals at . 
any given time, and only a small proportion of these was pre-
served by the substitution of silica for the original material. 
The exposures at and near Clay Mills and at Eagle Rock 
.. 
are typical of the majority of exposures occuring in this town-
ship. In the southeast of section 24, however, corals were 
more plentiful than near Clay Mills, and some ledges in the 
dry bed of an intermittent creek furnisp. small silicified . 
i~f; 
I'-:fi c....,;e., I··" ,; ~ •• 
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specimens of Favosites favosus, F. hisinqeri, Lyellia anwr'icano.l, 
HelioZites 'interstinctu,s and Halysites catemtlatu8. Besides the 
species named there are two species of Zaphrentis, one 
Rhynchotreta, the common Pentamerus, and a large species 
. of Straparollus more than four inches in diameter. The pov-
erty of the fauna at this locality was one of its most striking 
characteristics. 
FAIRVIEW TOWNSHIP. 
Fairview township is the center of the building stone indus-
try for Jones county. The great shipping quarries of this 
township are located in sections 5 and 6. The quarries are 
worked in beds of the Anamosa stage, and it is in these quar-
ries that the typical exposures of this stage are found. The 
original quarry which produced building stone on a commer-
cial scale for other than local markets, was called the Ana-
-mosa quarry, and the special kind of rock which it furnished 
became known in the building trade as Anamosa limestone. 
Under this name it is still known, and the name is to be per-
petuated ?y ca:lling the· particular geologic horizon in which. 
these great quarries were opened, the Anamosa stage. The 
evenly bedded quarry stone of the Anamosa stage has already 
been described. In sections 4, 5, 6, 7 and 8 of this township, 
it overlies massive beds of the LeClaire. TheLe Claire 
beds, however, are not very thick and at the mill near Ana-
mosa the Wapsipinicon river has cut down into the thin 
cherti beds of the Delaware stage. The bluffs, however, 
from Stone City to the center of section 13 are largely of Le 
Claire limestone. 
GoldHillquarry,thepropertyofF. S. Brown&Co., is located 
near the western' edge of section 6. All the -ledges exposed 
in this quarry belong to the Anamosa stage. About eighty 
rods southeast of Gold Hill is Champion quarry No.1, belong-
ing to Hon. J. A. Green.1Ylr. Green takes out the 'laminated 
stone down to the massive beds of the Le Claire. Between 
the level of the river and the thin layer of drift overlying 
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the rock at Champion quarry No.1, the following section is 
exposed: 
FEET. 
5. Remnants of a non-laminated, yellow magnesian 
limestone, Bertram stage ______________________ 2 to3 
4. White limestone of the Anamosa stage, much 
decayed and broken into small fragments in the 
upper part _______________ ._. _____ ____ _ ___ __ __ __ 30 
3. GraylimestoneoE Anamosa·stage~_________ _____ 30 
2. Heavy hedded limestone, forming in places verti· 
cal walls above level of railway track, Le Claire 15 
1. Slope from level of uilway track to river, unex-
posed _______________________ :_________________ 25 
The Stone City quarry, one-fourth of a mile east of the cen-
ter of section 6, is owned by H. Dearborn & Sons. The quarry 
stone is worked down to the non-laminated Le Claire, which 
everywhere forms the floor on which the Anamosa limestone. 
was deposited .. The section in its general details is the same 
as that on the property of Mr. Green. The upper surface of 
the Le Claire, as already noted, is very uneven, and here slopes 
to the east. In the Anamosa quarries owned by Mr. Ronen, 
and located in the western part of section 5, the floor on which 
the quarry stone rests descends below the level of .the rail-
way tracks, and at 111'. Green's Champion quarry No.2, one-
fourth of a mile southeast of Ronen's, the lower Anamosa beds 
:pass beneath the level of the river. Farther east the Ana-
mosa limestone again rises, and in section 4, to use the quarry-
man's expression, "throws itself out of the ground." The 
Anamosa stone is seen in its normal relations to other geolog -
ieal formations at anumber of points in the .walls of the valley 
of the small creek which flo\vs through sections 7 and 8. 
There ar~ some peculiar phases of the Le Claire limestone 
along the river, between Stone City and the east line of the 
township. _. Some of the characteristics are illustrated in the 
bold cliff in se~tions 13 and 24. Near the center of 13 is an 
exposure twenty-five feet in height which, as .usual in this 
region, shows nodennite bedding planes. . The rock near the 
base of the cliff is very much fractured, and bro~en into small, 
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angular bits in such a way as to impart a clm;e resemblance to 
limestone breccia. Thel'E~ are crevices in the lower part of the 
exposwe, and a large amou~t of work has been done in devel-
opingand exploring them, in the hope of finding lead ore. 
Prospecting for lead has been carried on in corresponding 
beds in sections 14 and 24. In the upper part of the expos-
, ures the rocks are more solid. The only fossils notBd were 
the impressions of a small Zapbrentis, diminutive colonies of 
Favosites and a small brachiopod resembling Rhynchonella 
1ohitei. The rock:s3');,e free from chert, and the fossils are 
represented by cavitiesleft as a result of solution of the orig-
inal organic structures. 
JACKSON TOWNSHIP.", 
Ledges' of LeClaire limestone; similar'to ~hpse seen in sec-
tions 11, 13, 14 and 24, of Fairview,areeorithniedalong the 
, river in Jackson township, as far as',Newport in section 33. , 
.Above the milldam, near Newport, the ledges exhibit fairly 
defined beddIng, and ma;y be qmlrri~dwithsome success for 
rough masonry. ,. In the left 'bank of the river, above the 
dam, the beds arefoldedi~to a long,sweeping, double curve, 
more than 300 feet in length. The stee,pest part of the curve 
dips to the northeast at an angle of twenty degrees. 
A small area, near the center of section 22, is. occupied by 
beds of the Anamosa stage overlying the LeClaire, and at 
what is called Slife's ford, in the ~outhwestof26, the river 
has cut its channel in the upper layers of the Anamosa lime-
stone. Quarrying:has. been done oil a limited scale at both 
the points mentioned. 
MADISON TOWNSHIP. 
Madison township has no rock exposures. The e"ntiresur-
face or the, township is covered with loess and drift. South 
of Center Junction the indurated rocks are' covered with 
supe:rncial deposits to a depth, in places, of 200 feet~' The 
greater part of the township was, in preglacial times, occu-
pied by a broad, deep valley. ' 
8GRep 
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WYOMING' TOWNSHIP. 
Rock exposures o.ccui~ in Wyoming township, in the valley 
of the· small creek followed by the·Chicago· & Northwestern 
railway, in sections 3 and 15. There are o~herexposures in 
the hills bordering the valley of Bear creek, in the southeast-· 
ern corner of the township. In the northern sections the 
FIG. 5. Monument of Niagara limestone. Delaware. stage, Sifrods north of southwest corner 
. of sect~?n,35, WyomiD.gtownshlp~ . . 
stone is : generally co~rse in texture," very vesicular,and 
breaks in ir~egularly shaped masses. . The bedding is not very' 
definite, and the layers often seem to be more or less'fl~xed 
and tilted. Tn section 9, Ne. qr., Se. t, there are even hori·· 
zontal beds of quarry stone of the Delaware stage, overlyillg 
. the rough vesicular ledges that outcrop lower down inthe sides 
I 
I ~ 
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of the valley. In the southeastern corner of tbe township, 
the beds are also of the Delaware stage. Eighty rods north 
of tbesouthwest corner of section 35, there are exposures on 
the. hillsides, high above the bottom of the -valley of Bear 
creek. One of the interesting phenomena of the locality just 
mentioned, is a column of limestone eight feet in diameter, 
and rising above the general surface about sixteen feet (Fig. 5.) 
The soil is thin, but what thereis is chiefly drift, and boulders.· 
are scattered over the hillside all around the column. The 
column is the result of unequal erosion of the limestone. It 
evidently stood there before the drift was laid down. How 
it escaped destruction by the glacial ice that deposited the 
boulders now lying-around its base, is a question not easily 
answered. The exposures in Wyoming township belong to· 
the upper- part of the Delaware stage. Fossils are rare. In 
the vicinity of the monument described above, there were 
traces of Halysites and Cmlospira. 
GR8ENFIELD TOWNS HU). 
. . 
There are v~ry few rock exposures in Greenfield township. 
The drift is in places more than 100 feet in thickness, and the ' 
surface, more. than in any other township, is diversified with 
paba ridges. The rocks, however, come to the surface at a 
few points along Walnut creek. The· exposures seem to be 
wholly confined to the northwest quarter of section 15. All 
belong to the LeClaire stage, and the oblique bedding 'pecu-
liarto this stage is 'one of their prominent characteristics~ 
Altogether there is a thickness of twenty-five feet exposed, 
and the oblique beds, which are confined to the lower part of 
the 'exposure, are inclined to the east at an angle of 28°. 
Among the uppermost ledg~es there are some that contain 
nume:r:ous cavities from which small costate, Retzia-like shells 
have been removed by solution. The same kind of cavi-
ties is very characteristic of the strata overlying oblique beds 
of Le Claire limestone at many points beyonil t.he Ij",i.ts of 
J ones county ... 
88, GEOLOGY OF JONES COUNTY. 
ROME TOWNSHIP~ 
The most important 'rock exposures in 'Rome township 
occursoutheast,qf Olin in the,valley of Sibyl creek. Mr. A. 
Rummel has opened a quarry in typical,beds of the 'AnamQsa 
st~ge, riot far from the township line, almost directly east of 
the center of section 24. The thickness of the beds worked 
in this quarry is about thirty feet. The lamination '~planes 
occur as usual in the Amimosa'limestone, but",there are no 
planes separating th¢ mass of sediments into distinct 'layers~ , 
The whole exposure is practically one continuous ledge' tnat " 
may besptit with almost equal facility along 'any one ~6f the 
numerous planes of1aniination. ''L'hecreek near'the base of 
the quarry cuts down into n6n~lanrl1iatedbeds pel~ngi?!('to, 
the Le Claire stage. .. 
" 
lIALE TOWNSHIP. 
. . '. ~ 
A short distance east of RU:llullel's quarry, in section '19 'of 
Hale, township,there areseverat'eXp()SlIres:of Anamosa'lime- " 
stone underlain bybedsoi'LeClai]:,e. :At tW90r three points 
quarries haveoeen opened, the:~(jst'extensive being that on 
th~ land of MI'. A. i Dolby. The 'stone'isverysiniilarto 
that in the Rummel quarry in 'Rome:toWJiship,except that ,it ", 
is more defiriitely4i vided into layers;' and,thatnod1l1es'of 
chert are very nuwel'ou.s." :On the slopes below, the level of 
the qrtarries' there' are, eiposures'of-" Le 'Claire 'lime$tone 'c6n~ 
taining mists of the'speciesofAmpleiu'sthat'is' ~o "marked a 
, characteristic of thi~ .:formation at many of its typical locali~ 
ties in Cedar and Scott cou~ties.' 
There are undevelQpedbeds of Ananiosa limestone 'in the 
northwest, quarter of section 20, and deposits of the'saine 
, stage'occllron'both sides of the'river near~Hale. 'The highly 
crystalline:'dolomite of the Le Claire stage;: suitahlefor-lime 
, ,"" , " ~ 
burning; is exposed in a number of places on: the land df Mr. 
J. R. Clay in the western, half ,of s~ction 15.' At the'bridg~ 
over the Wapsipinicon southwest of Hale, there 'are bluffs of 
massive Le Claire limestone fully twenty feet in height. (Fig. 2.) 
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. The imperfectly· defined lines of bedding show the anomalous 
folds and dips that so generally mark this particular horizon. 
For purposes of lime burning the rocks at this point are unex-
celled; . but, although lime has been made here on a small 
scale, there is none manufactured at present. 
East of Hale, near' the center of section 11, the Anamosa 
beds are somewhat extensively quarried. The quality of the 
stone is better than that near Olin. The beds show the effect 
of having been deposited on an uneven floor. The layers are 
all somewhat warped. North of the center of the quarry 
they slope iuall directions from a dome-like arch, but before 
reaching the north end of the working the dip is reversed. 
On the south side 9f the dome the dip· is steeper than on the 
north, and is continuous as far as the quarry has been opened. 
The total exposure here has a thickness of about thirty feet. 
The lower beds of the Anamosa stage have not yet been taken 
out. On the south side of the river, about eighty rods east of 
the center of section 15, the John Clay quarry exposes from 
twenty-five to thirtyJeet of Anamosa limestone. The quarry 
stone is taken out down to the upper l?urface of theLe Claire. . 
Near the· middle of the west line of·section14there is another 
quarry belonging to A .. Ballou, which affords the following 
sect jon: 
FEET. 
5 Soil ~nd geest only ~l(,few- inches" _____ __ ~ __ . __________ _ _ 
4. Anamosa stCm~ of u~ual quality, ledges varying in 
thickness from fi ve inches to two or three feeL __ _ 25 
3. Unlaminated ledges of Le Olairelimestone, nearly 
uniform in thickness, goodbrid,ge rock ______ ____ 2! 
. 2_ M~ssi ve co~rseLe Claire limestone withou~ partings 8 
1. Unexposed to level of water ~n river __ ~_____________ 6 
. A few rods east of the Ballou quarry another opening has 
been made. and worked on a small '.~cale. The usual features 
are shown, the .only point of interest arising from the fact 
tl;tatowing to the . irregularities attending the deposition of 
theLe Claire, the base of the Anamosa formation descends 
below the level of the roadway, a descent of at least eleven. 
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feet in as many rods. The last two quarries are opened in 
the sid~ of a wooded bluff seventy-five feet in height. ,The 
beds overlying the Anamosa are riot exposed, hut it may be 
assumed that they belong to the Bertram stage and possess 
the characteristics of this formation as developed near Stone 
City. 
OXFoRD TOWNSHIP. 
, The exposures in Oxford township are not very numerOUS. 
The Delaware limestone, with casts of the ordinary type of 
Pentamerus oblonq1.lS, comes. to the surface in the level plain 
,within the limits of the town of Oxford Junction. Oneaud a 
half miles ·further ,north, sixty rods south of the c(?nter of 
section 10, aild only. a few feet higher than .the Pentamerus 
beds at Oxford Junction, there is an ,exposure of AnaplOsa 
limestone underlain by heavy beds of Le Claire. 
Unconformities. 
. ,~he.pec1iliar conditions attending the deposition,of the Le 
Claire .'limestone, described on. preceding. pagE?s, have .pro-
Q.uced a great number of apparent unconformities, ,Horizon-
tal beds of Le Claire .. seem to rest on the edges of incIineci 
strata of-the same ag'e' (plate i), and the inequalities of the 
sea bottom at the close of theLe Claire produced manyanom-
alies in the position and relation of the Anamosa beds. 'It 
oftenlooks.very much as if. the surface of the Le Claire for-
mation had beeri. deeplY eroded. before the Anamosa beds were 
deposited. theappei1rance is ,not wholly deceptive, for the 
materials of the LeClaire were scooped o~t in some localities 
and were i-rregularly heaped~'up in others immediately before 
the opening of the Anamosa stage. The erosion~ however, was 
not subaerial. All the Qbserved effects were prQduced beneath 
the water as the result of vigorous currents acting on the 
bottom of a s~allow sea.' At many points along the South' 
Atlantic coast of the United States analogous effects are now 
being produced by storm-driven currents acting on submerged 
sands. 
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True unconformity occurs between the Niagara and the 
Carboniferous. The region was elevated above the sea near 
thebeginning of the Devonian and was subjected to s'ubaerial 
erosion during all the stages of the Devonian and Lower Car-
boniferous. It was not indeed until probably the middle of 
the Upper Carboniferous that the sea returned to deposit a 
new series of sediments upon the deeply eroded surface of the 
Silurian. The time during which the Carboniferous sea occu-
pied the county was, geologically speaking, very short,. and 
nearly, all the sands' and shales which accumulated above 
the Niagara dolomite have been carried away by subsequent 
erOSIOn. ' 
The Pleistocene cleposits rest unconformably upon all the 
indurated rocks, the two drift sheets are unconformable, the 
loess is unconformable on the Kansan drift, 'and the alluvium 
occupies valleys of erosion that have been cut in all the 
clepositsprecedingit in point of age., . 
Deformations. 
That examples of deformation of strata occur within the 
limits of Jones county is scarcely to be doubted; but if such 
do occur; tbeyare so completely disguised by the . anomalies 
of deposition consequent on conditions . existing during the 
progress and at the close of the Le Claire stage, that it has 
not been possible to recognize them' with any degree of cer-
tainty. 
ECONOMIC PROpUCTS. 
SOILS. 
From an economic standpoint the soils of Jones county 
easily outrank in . importance all the other geological forma-
tions. . These soils fall naturally into four divisions, namely: 
residual soils orgeest, glacial soils or drift, yellow clay soils 
or loess, and alluvial soils which'may consist of clay or sand, 
,or varying admixtures of these two materials. " The history, 
origin and distribution, and some of the physical characteristics 
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of each of these types of soil have already been discussed~ 
It remains only to llote briefly their relative importance 
judgedfrom an agricultural point of view. 
The residual soils of the county are comparatively unim-
portant.The area exclusively occupied by them is smalL 
Where they prevail the soil is thin and is usually insufficient 
to conceal the indurated rocks of the region. Weather beaten 
crags project above the surface, and the scant soil isencum-
bered with numerous rock-"masses detached by_the processes 
of disil?-tegration. Sections 2 and 3 of Castle Grove, 19, 33,-
34 and 36 of Monticello, 4 and 5 of Wayne, 5, 6and7 of Scotch 
Grove township afford numerous typical illustrations of resid-
ual soils. 
The drift soils, on the other hanq, are the most important 
and valuable of all the classes named. - In the- drift covered 
portions of th,ecouutythe-indurated rocks are usually effectu-
ally concealed by a mantle of glacial detritus that is, in 
places, more than 200 feet in depth. _ The efforts of ants, earth-
w?rms, gophers, and other burrowing-animals, that,dur" _ 
ing'allthe years since the retreat of the Iowan ice,havebeen 
effective in cari~ying the fine-grained portion of the deposit 
up to the surface, aided as these have been by rains-arid 
frosts and veg~etable growth and decay, have resulted in 
developing upon the surface of the drift a mellow loam, rich 
in organic matter and so constituted physically -as to offer 
advantages of easy cultivation coupled with the assured hope 
of generous harvests~ The drift occupies certain plains 
already described _ under the -head of -physiography. The 
limits of the drift plains~hircumscribe the reg"ions. in which 
'wealth is, oli the whole, accuri:mlatingmost rapidly with least 
effort. The drift covered, regions are every---w here character-
ized by _ masses of: gray-granite, and so the distribution· of 
boulders is practically coextensive with areas marked bjthe 
-highest degree of -agricultural prosperity. 
" . The -loess 'soils are represented by the surface materials 
covering the hills of yellow clay, on both sides of the river, 
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near Ananiosa. They are illustrated on even a larger scale· 
in the broken, rolling, hilly regions of Clay, Washington and 
Richland townships. Before the settlement of the county 
the drift plains were prairies supporting annually a wealth of 
grass. The yellow loess hills, on the contrary, were wooded, 
and supported groves of white oak, basswood and poplar. 
The]oess washes easily, and the fields into which these wooded 
clay hills have been transformed are often deeply gashed and 
gullied by recent rains. The soil is poor and difficult of cul-
tivation,and the farmsteads of loess regions are often sadly 
wanting in signs of comfort and prosperity. 
Alluvial sotls are found in the ri:ver valleys. The areas 
occupied bysuch sQils have been described in connection with 
the subject of alluvium .. Alluvial soils rank, in fertility and 
. ease of cultivation, with those ot" the drift. 
BUILDING STONES. 
Each stage of the· Niagara furnishes . constru cti ve~ materials 
.that maybe used in s.ome grade of masonry; buttheAnamosa 
stage and the evenly bedded horizon near the top of the Del ~ 
aware,furnish the only building stones worthy of present 
consideration. The bllilding stone beds of the Delaware stage . 
affordsome excellent material, particularly in the neighbor:' 
hood of Clay Mills, Canton and Temple Hill. Near Clay 
Mills the ledges vary from ,three to fourteen inches in thick~ 
ness. The stone is generally· of good color, it is firm, com'-
pact, without laminffi, and,in the most trying situations, it 
resists admirably the action of the weather. All the expos- . 
ures of the Delaware stage building stone are unfortunately 
located, so far as relates to facilities for transportation. 
Their only use for many years to come will be the furnishing 
of building material to supply local demands. Their distri-
bution . anC!, stratigraphic position have been already noted. 
The quarry industries ofJ ones county, so far as these are 
conducted on a scale of commercial importance, are all 
dependent ont~e evenly bedded, finely l~minated &trata of 
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the Anamosa stage: The most important quarries of this 
stage are located near the western border of the county, in· 
Fairview and Casstownships. The several quarries in this 
important group were mentioned and some of their character-
istics discussed in the discriptions of the typical exposures of 
the county. 
The evenly bedded stone in the river bluffs west of Ana-
mosa early attracted attention. The first extensive use of 
it was mad,: by the United States army in constructing mili-
tary roads while Iowa was yet a territory. Some of the old 
bridge piers built under the direction of the military engi-
neers, are still standing and bear conclusive testimony to the 
durability· of stone fro~ this· horizon. For some time the 
quan'ies were worked on a small scale and supplied only a 
local trade, but the· market widened as the qualities of the 
stone became better known, and long wagon hauls were made in 
order to secure this material for use in structures of sufficient 
importance to justify such expensive methods of transporta-
lion. In 1852 stone was hauled from what is now Stone City 
to Mount Vernon for use in construction of one of the first 
buildings belonging to Cornell Colleg~. 
Shipments by rail began from this locality in 1859, and since 
that time the. stone industry of the region has steadily 
increased~ From supplying a very restricted local trade, 
. . 
the business of quarrying and shipping stone has grown until 
it now reaches markets distributed throughout Iowa,Illinois, 
Wisconsin, Minnesota,South 'Dakota, Nebraska,. Kansas. and 
Missouri. Many of the .most . important· structures in the 
several states named are built of Anamosa stone •. It com-
petes in Chicago and Minneapolis with the product of quarries 
more advantageously located, so far as distance is concerned. 
All the important railways of the northwest have used Ana.,. 
mosastone in the construction of bridge piers. . The stone 
has .been used extensively in erecting the shops and other 
buildings at the Rock Island Arsenal. • Iowa and Nebraska 
have both used it in building hospitals for the insane. It 
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meets the requirements of all grades of architectural work, 
from the humblest to the highest. As architects and engi-
neers' become better acquainted with its merits, the stone 
finds an ever widening market. From the limited shipments 
in 1859 the stone industry of this locality grew until in 1887 
nearly 9,000 car loads were sent out. 'The total shipments 
from 1859 to November, 1895, amount to 156,229 cars, which, 
at the low average of twenty dollars per car, gives an aggre-
gate value of $3,124,580. The future 6f the stone industry 
around Stone City depends wholly on the extent of the mar~ 
kets that can profitably be reached from this as a distributing 
center:, and on the extent to which stone will be employed in 
building the homes a1!-d business palaces and new structures 
of every kind that give tangible expression to the increasing 
wealth and growing- sense of architectural beauty.throughout 
this great northwest. No possible demand can ever outrun 
the supply. The geological structure indicates beyond ques-
tion the presence of inexhau~tible stores, of quarry stonE' 
easily accessible. So lo.ng,t,hgrefore, as stone is used in con-
struction, the business of q\larrying and shipping from Stone, 
City is :one of assured permanence. 
GOLD B~LL QUARRY. 
Gold Hill quarry is situated within 600 feet of the west l~ne 
of Jones county, in Fairvierwtownship (Sec. 6, Nw. qr., Sw. l). 
It belong's to F. S. Brown &.00., and is operated in conjllllc-
tio~ with the Crescentqu~rry, which, bel prigs ,to the.s~me 
co~pany, and is located west of the line in L\D,n: COll1;Jty. 
During 1895 the Gold Hiil property-in Jones. cou~tywa~ prac-
tically idle, the company 'finding' . it : more conveni~nt,;tQ fill 
orders for the particular gTade. of stone e~ned~orfro:r)]: its 
quarry in Linn county. , 
The quarry stone at Gold Hill is overlain by loess 'vatJing' 
. from a few feet up to fifteen feet in thickness. Beneath the 
loess is a thin layer of till which contains pebbles and small 
boulders of tY1>es characteristic of the Kansan drift sheet. 
The drift rests on ferruginous residual clay or geest, which 
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fills crevices and pockets in the upper weathered portions of 
the quarry stone, while associated with the geest are masses 
of grayish powder, sometimes several feet in thickness, rep-
resenting an.early stage of rock decay when only the cement 
which binds together the constituent grains has been removed 
by solution. 
The equipment of the quarry includes a steam plant which 
is used chiefly as a pumping station to supply water under 
necessary pressure for the hydraulic apparatus used in strip-
ping. There are also derricks, horse power hoists, steam 
channelers, and other devices for quarrying and handling 
stone. A large force. of laborers and stone cutters is con-
stantly employed~ Since 1887, when the present company 
began operating, there· has been shipped a total of about 
12,000 cars. The largest shipments in anyone year were 2,248 
cars in 1890. 
CHAMPION QUARRY NO, 1. 
The Champion quarry, No. 1 (Fig. 6), is the property of 
. ~on. J. A. Green. It is situated a few rods east of Gold Hill, 
FIG. 6. View in Champion quarry, Stone City. 
and· presents essentially the same features as· the quarries 
farther west. As already noted, the quarry beds of this region 
." 
~ . 
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arenot definitely divided into layers. Throughout their whole 
thickness they constitute practically one layer very perfectly 
laminated and capable of being split along almost an.y one of 
the numerous lamination planes. The division into ledges is 
therefore more or less arbitrary.·For the purpose of illus-
trating the manner in which these quarries are divided, the 
following section fronl Champion quarryN o. 1 is given: 
26. Loess, val'ying in thicknesst maximum _____ _ 
FEET. INCHES. 
20 
25. Fine sand associated with loess, the sub-Ioes-. 
sial sand of Norton ________________________ 2 to 6 
·24 .. Drift and resid,ual clay _____ ~;.. __________ :_---:- 1 
23. "Shellystone,:' the partially decomposed beds 
of the lipper, or white' limestone, broken into 
. thiri flakes or chips ______ ·~ __________________ 2to 10 
22.'.' White 'stone" splitting. readily into smooth 
surfaced slabs,~ used chie.fty forriprap __ ,___ 16 
21. "Rotten layer," a soft vesicular ledge~f poor 
. quality. which separates the gray from the 
whfte lirilestone ____________________ ~ ~~~~ __ 24 
20. Compact, fine-grained; le~ge, good b1illdmg 
stone __ ._,-. _______ .. _ '__:- _ __ _ __ _ _ _ __ __ _ _ __ _ ___ __ 1 
19. Same as 20 _______ ~--_--------------~-------- 1 
18. Ledge of goodbuUding stone. __ ~_~ __ ~'_ _____ _ 
17. Sameas18 ___ ~..;-------_~-~---------------~--, 
16. Upper bridgestone, coarse __ ,. ____ ._~-~-----_! 2 
HL . Inferior layer cOI!.taining many sma.ll cavities 
lined with calcite_ -'~ ___ .: ____ ~ ____ ~ ___ . ____ ~ 
'14. Fine-grained buildingsto;ne:. . __ .:. ___ ;. _______ ~ -1 
. 13. Ledge. 'containing at base a·thin layer: of 
very fine-grained, .com pact limestone, which 
cracks .irito angular fragments under the 
action· of frost (the bands· of very fine-
grained limestone differing from the ordi-
.narygrailUlar dolomite are called" flint" 
by the quarrymen)-:,,"-: ________________ , _..,__ 1 
12. Ledge with bands of "flint" _______________ '_ 1 
11. Solid ledge of good building stone __ . _____ .:.__'1 
10. Compact ledge, best quality afforded by the 
quarry. __________ ~ _________________ ~------ 1 
9. "Wavy ledge" good for ordinary masonry; 
the laminre are more or less UIidulated _____ 2t to 3 
8. Good building ledge _____ · ___________________ _ 
5 
5 
'il 
11. 
~ 
10 
1 
3 
11 
4 
,,2 
11 
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7. "Flint ledge," compact limestone,.',breaking 
into angular fragments on exposure to' 
" weather _' _______ ' _______ ,.. ____ . ___ :.. _________ _ 
6. Flagging ledge, easily split ____ :.;~ -' ___ -' ____ _ 
5. Ledge conta~ning,cavities lined with crystals 
4. Ledge of good building E!tone __ ,.. ____________ ~ 
3. Lowerftagging ledge_ - ____ ~-: _________ ~:_--~--
2. Lower' bridge stone ledge, -very durable, 
though, occasionally containing cavities 
lined with crystals __________________ ;._;. __ _ 
1. Ledge, that may again be split into blocks 
convenient for building purposes.:. ___ "'- __ ,.._ 
FEET. INCHES. 
tto! 4 
1 4 
1 
11' 
2 
4 
Below the quarry 'stOrie there are' here, as" everywhere in 
this region, massive bed$ 'of ,the 'L~ Claire limestone. ,The 
uppermost ledge of theLe Cl~ire 'at the' Champion quarry 
,l~angesfrom two and one-half to~hree~eet in thickness, and 
was fo~merly quarried to alimit~'d.'extentforuse~ in heavy 
bridge piers, '., ,,.,,,,, " 
The machinery employed in the Champion quarryinchldes a 
steam channeler, a 'mimber'of horse powerhoists,:se'ven large 
derricks,circular rubbing beds for dressing stone, ,aGates 
crusher,steamplant ~ontainingan eighty horse power: engine, 
besides a pumpiugstation containingpuIlJ:ps ,and hydraulic 
engine, u~ed 'in stripping off the superficial 'ClaysaI);d $ands. 
The hydraulic ,process, of stripping was first employed in, this 
regionatth~ Cham.pion quarry,' On account oft:h~great s~v­
ing effected, thee*-Pense 'of 'reII1oVi~g a given "llllillberof 
cubic yards of earth:heing less than on.e.:fift~' of what it was 
hy _the methods fQrruerly ~mpioyep:;hydraulic'stripping has 
been adopted by all the laa"ger'quarries. 
TheCham.pionNo. ,I furnishe~ crushed 'storie,riprap, rub-
hle, hridge stone, flagging and all grades of dimension stone. ' 
A large fo.rce of laborers, machinists and stone cutters 'finds 
constant' employment; the, number of employes 'on the J:1ay-
rolls at anyone time has varied from 40 to 460< T~is quarry 
is located almost in the very center of t~e area which, in this 
locality is occupied hy the evenly bedded, laminated stone of 
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the Anamosa stage. It was opened by Mr. Green in 1869. 
During thenrst year 150 car loads were shipped. In 1882 the 
business had grown to 4,801 cars. The total shipments since 
the quarry was opened aggregates 47,618 car loads. A num-
ber of switches or spurs "of railway track lead intothe quarry, 
making it possible to load the stone at the point at which it is 
quarried. 
STONE CITY QUARRIES . 
. The Stone City quarries (Fig.· 7) were opened by Mr. H. 
Dearborn in 1869. They are now owned and operated by H. 
FIG. 7. View in Stone City quarry, Stone City. 
Dearborn & Sons. They are located near the middle of the 
south half of the northeast quarter of section 6, Fairview 
township. The quarry face forms a long sweeping curve 
about a quarter of a mile in length and nearly parallel with 
the sweep of the Wapsipinicon river that here:fiows close to 
the foot of the bluffs in which the quarries were opened. The " 
quality of the stone and the succession of ledges are essenC".~: 
tially the same as at the quarries already described. Overi . 
lying the stone is a bed of loess, sand and drift, with an aver~;': ," 
age thickness of five feet and a maximum thickness of fif-teEm 
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feet. Somesix or eight feet of stone at the top of the quarry 
are to be counted with the refuse, the beds being broken into 
small angular pieces as a result of wea theringprior to the 
deposition, of the superficial drift an? loess. These quarries 
expose the whole thickness of the" gray stone" or lower half of 
the Anamosabeds,abovewhichare serViceable beds of the 
, " white stone, " or upper half, having a thickness often or ~fif­
teen feet. The beds are worked out'downto heavy ledges of 
ilon-'l~minated Le Claire. The quarries are capable of furnish 
ing·dimension stone from three to thirty-three inches in thick-
, ness, and of any desired length and width .. ' Four railway tracks, 
_' ,following:the eurveof the quarry face, J1:ffordfacili~i~s£~r-hand;. 
-ling cars. "The, eQllipment G()1nprise~ chanhelers, qerricJrs, 
steam and h01'se power hoists, and steam pumps ior use in 
:llYQra1J.lic ' stripping. -ThemeneD+PloyeQ. i~cludeiJhe,. usual 
'~g:faflesofworlmlen, -fromthec()mmon lab,orertothemost 
-~,slfuiful stonecutter, andthenmnberhasvaried from 20 to 
lOtK'The nUIllberof car 10adsofstonef3.1lippedf~omthetime 
thequarri(3swer(3 opened till November, 1895, ' am()untsto 
27,432. InoIi~>year, 1892, thesb.ipment amounted to ,,2,7p5 
carloads. " 
, . , aNA)'YIQSAQlJARRY. 
"Th~Allamosa quarry was the first in this locality toshjp 
'sioneabroad, the. first. shipme~tsbyrai1. being made in 1859. 
ThequarrY'was opened by David Grahani, but its pr~sEmt 
owner is Mr. J;Ronen,' who hasopreated it since 1881. The 
Anamosa quarry is located near the northwest corner of the 
, southwest quarter, section 5, Fairviewtownship. Mr; Ronen's 
,'quarry is indeed double, £01" there are two openings a short 
distance apart. At the first opening the amount of clay strip-
ping is very small., Beneath the clay there 'are a few feet of 
non-laminated -worthles~ rock belonging to the Bertram stage. 
'>"rhen ,in descendlng, order there follow fragmentary beds 'Of 
, the "white limestone," "shell roek," then the usual succession 
"ht ledges ,down to the lower bridge layer, or No.2 of 'the 
, , C~'ji\\lion quarry section. Owing to the eastward dip of the 
.< 
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beds. at this locality, the lower bridge rock at the second 
Ronen quarry is too low to be worked, the lowest workable 
beds' being about the level of the "flint . ledge, " or No. 7 of 
the section at the Champion. Since 1859 there has been 
shipped from the Anamosa quarry a total of 28,134 car loads, 
of which 20,484 cars were shipped by Mr. Ronen since he took 
possession of the property in 1881. 
CHAMPION QUARRY NO. 2. 
The Champion quarry ·No.2 is now the property of Hon. J. 
A. Green. Its location is near the center of the southeast 
quarter of section 5, Fairview township. This quarry was 
opened by Crouse, Shaw & Weaver in 1866. In 1872 it was 
sold to the state of.~Iowa,from which date until 1884 it was 
worked by convicts from the penitentiary at Anamos~. After-
wards it.was plu'chased by the present owner, who works it 
on 'a small scalein connection with the larger quarry, Cham-
pion N 0.1. At this quarry there are about eight feet of clay 
to be removed. The Bertram beds have a thickness of from 
ten to fifteen feet; The full thickness of the "white rock" is 
exposed. It is somewhat fragmentary or "shelly" near the 
top, but the lower two-thirds is good. The "gray stone" is 
not fully exposed .. The lower bridge rock lies here beneath 
the level of the river, and the quarrying is carried down only 
as far as the "flint ledge," No. 7 of the Champion quarry 
section. About 15,000 car loads, all told,have been shipped 
from this opening. 
GEM QUARRY. 
The Gem quarry is a small opening near the northeast cor-
ner of the northwest quarter of section 4, in Fairview Town-
ship. Work was begun here in the spring of 1894. The 
quarry is opened in the bluffs on the west side of the Buffalo 
creek. At the foot of the bluff runs a spur of the N orthwest-
ern railway, which affords the necessary shipping facilities. 
At this quarry very little stripping is necessary; only a thin 
layer of soil overlies the quarry stone. In the upper.par.tof 
9 GRep 
I 
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the quarry the stone is soft, but . near the base the quality is , 
good, and it shows the usual characteristics of the An~mosa I 
beds in this 10cality.·There is very little machinery. used t 
except a derrick and horse power hoist, and only two or~thre~ Ii' 
men are employed. The land is owned by JamesJ oslin, but , 
the quarry is at present le·ased and operated by James Law"' 
rence. About :fifty cars have been shipped during the . two 
years that the quarry has been in operation. 
STATE QUARRY. 
In ]884 the present State quarry, or Penitentiary quarry, 
was opened. Formerly the stone for the penit,entiary build.,. 
ings at Anamosa was obtained from what is. now known as 
Champion quarry No.2. In the year named the state bought 
property on Buffalo creek, in the s6uthwest qua~ter of section 
33, Cass township, and began operating the present quarry. 
The quarry is worked altogether by convict labor. Above 
the stone is a bed of loess and drift varying in thickness from 
a few inches to ten or twelve feet. Below the drift there are 
a few feet of decayed and broken "shell rock" belonging to 
the upper part of the "white stone" of the Anamosa stage. 
Lower in the quarry the ledges present the same features as 
in corresponding parts of other exposures. The exposure of 
Le Claire limestone at the east end of this quarry and the 
strong dip assumed-by the beds in accommodatingthem-
selves to the uneven upper surface of the Le Claire have 
been already noticed. Most of the work at this quarry is 
done by hand. There are seven large derricks for handling 
the stone, but they -are all operated by hand power. The 
storte is shipped over a sp"Ur of the Northwestern railway, 
which runs up the valley of the Buffalo and accommodates 
ali" the quarries in this part of the Anamosa stone basin. 
AboutI5,~OOO cars have been shipped since-1884. 
" . 
JOHNELLEN QURRRY . 
. The J ohnellen quarry lies west of the State quarry, in the 
Sw.lo.f the Sw._ qr. of section 33, Cass township. -It-is owned 
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by Hon. J. A. Green, who began operations at this poi~t in 
1887. The stripping in this quarry consists of loess, drift, 
residual clays 'and decayed fragmentary rock, having an 
aggregate thickness of from ten to twenty feet. . There is' a 
great deal of ferruginou,s residual clay mixed with the frag-
mentary stone near the top of t.he exposure. The same clay 
h~s worked down into crevices 'alniostor quite to the top of 
the" gray stone. " 'The lower 'be d:::; , or "gray stone," are 
here of'veryexcelh~nt quality, firm; 'compact, of pleasingiieu-
tralcol?r, and capable Of resisting the weather indefinitely. 
This quarry is not· operated on' a large ·scale. The present 
equipme,nt alld. force are represented by ~hree.q.erricks, tw.o 
horsepower hoists and half a dozep,.. ~¢.~li.: .. The' thic!rn~ss .. o~ 
the serviceable quarry stone, wbic;h .exc~eds -'that. "of:~ny other 
exposure in "this region,. the .. q~qjW~Y,'?ithe p~~odu¢t" i1itd'the 
f~ct th~tthe beds. extend'u*~er,'se;yetitlh;hhdredacl'es belong~ 
tug.to .the same (hv~~p;: m~~e.iF<certa;l~::~hat.:lri.·~he ne~r:'fll~ure 
the Johnellen ;:,ut·:~:e;~~rrie:.()b,~pf:: 9i~' mos~~~exten~s,i:v~.:::a'n~ . 
i1#portant shipping qua~riesin.ihjs~pp¢t::portion<?f .;tl~J~Mis­
siS~~ppi.valle y;>Abput7 ;900·c;:tr4o~~s·of. :s~one havE? ':atready 
b~en s~i~pe~'frOinthiS o?~~ing,:,., ;~ ... ·o:/ .... ~ : .':' ~ ;.,"\ .. '~.:.:.,' .;;"':".<~' .' .::: 
. OTHF::& QUARRrES>qF:'T1;I:E~~TONE ciTy ';BASIN:" .. ' . . . 
;' ,.:Th~gVar;i~s·~~u~erated above: ~~e th~~~onr;"Q~es sbipPi~~ 
~tone'hy: :rail':ITom the St-6.ne .C~ty ;ba~iIl:. ·:m4~r~'.~re,.h;o:wever;'· 
~ :"~umber' of exposures o:f 'AnaItiosa liinestoh~o in ··thebhiff~··hf . 
the small creek that :fl.owsthrough sections.7 and 8 of Fair-
yiew townsbip, .and s.ome quarrying' has been.doue on the lands 
of L. B. Parsons and R. ~f. Peet. The. stone is hauled out by 
wagon and supplies the ··demandthroughout· ,a large and 
w~aJ.thy. fa..rming comblunity,. between. the Wapsipinicon river 
and¥oup.t·V~r:notl. ... Only:the simplest,; processes .are used in 
these qp.~rrie.s, and, while exact statistics. are not .at hand, the 
am~mnt_an,d v.alue of the stop.eproduced here is ,by no means 
in~onsiderable. 
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ANDREW RUMMEL QUARRY •. 
Mr . .Andrew Rummel owns .andoper~tes a quarry near Olin, 
in Rome township .. (Tp.83 N., Ro' IIIW., Sec. 24, Ne. qr., 
Se. i.) (Fig. 8.)·· The quarry is opened in the.lowbluff on the 
west side of the valley of Sibyl creek. The'stone belongs ·.to 
the .Anamosa' stage, and except that it is buff in -color,it. COi':-
responds well with the "gray stone,". or lower. portion 'of the 
formation as seen near Stone City .. There .are nodeiinite 
bedding planes, but the rock cleaves readily along any of the 
planes of lamination. The surface of the laminre are not so 
smooth and true as they are at the corresponding horizon near 
FIG. S. View in Rnmmels' Quarry, near Oliit. 
Stone City,- but· are' irregularly indurated,_·· apparently as ~- 'a 
result of wave action at the timethe beds were forming. The 
strata dIp southeast at ap: angle of 5°. . . 
'. In 9.uarrying, only- the simplest tools are' used.' Drills, 
crowbars,wedges, picks, shovels' ahd wheelbarrows "make up' 
the" equipment, From:two't6 fourInen'~re employe'd~ andthe 
annual output amounts to about 1;200 perch. Some stone ·is 
hauled to Olin and shipped abroad, but·the market is :largely" 
local. Very little stripping "is necessary. The soil or clay 
I 
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overlying the stone is only a few inches in thickness. For two 
or three feet below the s.oil the beds are broken into chips or 
spalls by weathering. With better means for quarrying, the 
greater part of the exposure would furnish marketable stone. 
The present method of quarrying, however, involves the use 
of large quantities of powder in a single blast.· Drill holes 
are made six inches in diameter and twelve feet deep. These 
are filled, or nearly filled, with powder, and the firing of such 
a blast loosens up great masses which are further separated 
. and removed with pick, crowbar and sledges. The firing of 
these great blasts shatters the stone badly, rendering much 
of it worthless, and leaving even the best of it in condition 
suited for use in only the cheaper grades. of masonry. Were 
the demand such as to justify the expense of putting in 
improved machinery, stone of high grade for many purposes 
might easily be obtained. 
A. J. DOLBY QUARRY. 
East of the Rummel quarry, in Hale township (Tp. 83 N., 
R. II. W., Sec. 19, Nw. qr., Sw. 1), there is a quarry on land 
belonging to Mr. A. J. Dolby. The beds at present worked 
in the Dolby quarry lie above those of the Rummel quarry 
and correspond to the upper half, "white' stone," of the Ana-
mosa stage at Stone City. The bedding planes are more 
obvious than in the Rummel quarry, and chert nodules char-
acteristic of this upper horizon are very common along cer-
tain . planes. The rock here comes almost to the surface, 
there bei.ng only an inch or two of soil. The usual effects of 
weathering are seen for a few feet below the upper liillit of 
the strata. A derrick operated by hand power is used for 
hoisting, but there is no other machinery beyond the hand 
drills and other inexpensive tools used in ordinary quarrying. 
It is likely that, by working down to a lower level, a better 
quality of stone than now taken out would be obtained; 
SHOPE QUARRIES. 
There are two small quarries on the ]and of Mr. E. Shope, 
in the forty acres east of the Dolby quarry. One of these is 
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continuous with the Dolby quarry, the two quarries together 
having a combined front of 300 feet in length. The charac--
teristics of the stone are the same as already described in 
connection with the quarries of this region. 
CARTER QUARRY • 
.. About a fourth of a mile north of the Dolby quarry, and in 
the same section, ~Ir:- William Carter has taken out stone 
from beds of the Anamosa stage. This quarry has not been 
worked except on a small scale. With facilities for shipping, 
this, as weil as all the other quarries of the tegion, is capable 
of furnishing unlimited amounts of high grade stone. 
HALE QUARRY. 
Near_the ceriterof section 11, Hale township, three-fourths 
of ,a .mile" east .of the village of Hale,. a quarry has been 
worked for some years in beds of the Anamosa stage. The 
north end of this quarry isowne,d by Murray Brothers, while 
. .J._' . -
the south end is on land belonging to 11r. E. Horton. The 
stone in'- the -Hal~ quarry is finer than that in the quarries 
n"e~r Olhi,)ut it resembles the Olin stone 'in theuneven, wave-:-
marked sui~f~ce of the several beds. The stDne c.omes prac-
t'icallY to the' sillface;th~re ,being- only a few inches of~Oll 
ov~rlyiiJ.g the upper beds. For about six feet at the top of 
the -quirry the stone is' much broken and disintegrated, 'as a 
. result qf weathering. Below the weathered porti.on the rock 
is~olid'arid- shows the characteristic lamination of thishori-
~on ... -.• I>artings between thebeds are inconspicuous. The fiex-
1,1res of the beds _ and the dip in all directions (quaquaversal 
dip) forming a low dome near the north end of this quarry, have 
al:t:'e~dybeenl1oticed. The quarry supplies loca+ trade only. 
'JOHN CLAY QUARRY. 
,The John, Clay quarry is located on the southside of the 
. " . 
river, near Hale, a short distance east of the center.of section 
15. It has been worked on only a small scale to supply a lim-
ited demand. The quality of the stone is good, and were there 
bytter facilities for _ shipping, quan;ying miglit be carried on 
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here on a scale that would be limited only by the conditions 
of the market. The quantity of excellent stone is unlimited. 
BALLOU QUARRY. 
The Ballou' quarry lies east of Clay's, in section 14 .. The 
quality of stone is the same as is found generally in the Ana-
mosa stage of this region. While there is an unlimited supply, 
the demand that can be met by the present conditions of trans-
portation is small. This, like other quarries of the region, is 
operated intermittently. 
OTHER QUARRIES IN THE ANAMOSA LIMESTONE. 
East of Ballou quarryis a small opening that has furnisheq 
a considerable amount .of stone. In sections 26· and 32 of 
Jackson township there are small quarries to which reference 
has been made in the description of the typical exposures, and 
the opening in section 10 of Oxford township has also already 
been noted. 
LIME. 
Lime is not made on·a commercial scale anywhere in Jones 
county, although beds suitable for its manufacture occur 
abundantly in the Delaware and Le Claire stages. Lime was 
formerly made at PQints near Anamosa, Stone City, Olin, Clay 
Mills and Hale. There are Le Claire beds near the quarries 
on the Buffalo, and there are others near Anamosa and Stone 
City capable of furnishing material for manufacture into lime 
of the b.iKhest excellence. At the points named the facilities 
for shipping are good. rrhere are. many other equally good 
exposures of lime burning stone, but they are less favorably 
situated with reference to easy access to markets. 
CLAYS. 
The clays of Jones county which are available for use in 
the manufacture of economic products are loess and alluvium. 
Both occur in unlimited quantities .. The clay products are at 
present limited to common, structural brick and drain tile. 
Nearly all the brick made in the county are manufactured 
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from -loess; for making drain tile the fine alluvial clays are 
used exclusively. 
OLIN TILE & BRICK COMPANY. 
The most important clay -working establishment in the 
county is that of the Olin Tile & Brick Co., located at Olin, 
in Ron1e township." The clay used is" obtained from beds 
of alluvium in the low plain a short distance south of the 
works. It is blue in color, tough, tenacious, and gives best 
results when mixed with about one-fifth its bUlk -of sand. 
During 1894 the factory turned out about 40,000 brick and 
400,000 drain tile. The plant consists of the necessary build-
ing to accommodate the machinery and workmen in producing 
and bandling the output, steam-heated drying sheds, and 
three down draft kilns in which the product is burned. An 
H. Brewer & Co. No. ,6 A machine is used in making both 
brick and tile. The sizes of drain tile range from three to 
ten inches inclusive. The markets are largely local; -but 
shipments are made by rail,both east and west, for a dis-
tance of forty or fifty miles. 
MONTICELLO TILE & PRESS BRICKCOMP ANY. 
The Monticello Tile & Brick factory is owned by Mr. 
John Gibson. "It has been operated for fourteen years. "The 
product consists of drain tile and end -cut, steam re-pressed 
brick. The present annual output amounts to 300,000 brick 
and 250,000 tile. Formerly 800,000 brick were made annually. 
Seven sizes of tile are made, the smallest being 2tand the 
largest 8 inches in diameter. The machinery used includes a 
"thirty horse power steam plant, a Brewer & Tiffany tile 
machine with a capacity of 10,000 daily, and a 1vIackenzie 
brick machine of nearly equal capacity. The brick are dried 
in t4e open air and the tile in a steam heated drying shed. 
The drying shed has a capacity of 50,000 tile. It is'two 
stories in height, a Jeffery elevator being used to lift the tile 
dried in the second story. Mr. Gibson has a very ingenious 
and "convenient system of tracks "and switches on which to 
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handle the cars that carry the product from the machine to 
the drying shed. The clay used in making brick is a strati-
fied loess. or loess-like alluvium. The bed is ten or twelve 
feet in thickness. Its location is about twenty feet above the 
level of the Maquoketa river,' at the edge of an old flood 
.plain where the alluvium blends with the true loess. The 
clay is dug within a few yards of the machine that moulds it 
ip.to brick. 
The tileclayis a true alluvium, blue in color, and has to be 
hauled from the low ·plain bordering Kitty creek three-fourths 
. of a mile away. 
The clay for both brick and tile needs only to be tempered 
with water. Both burn to a deep red color. The tile are 
burned in a circular down draft 'kiln which has a capacity of 
17,000 tile of the smallest diameter. A case kiln is used in 
burning the brick. The market is chiefly local, though ship-
ments are made by' rail to points within a radius of twenty-
five to thirty miles. 
ANAMOSA BRICK YARD. 
Mr. B. F. Smith operates a brick yard at Anamosa. The 
product at pres.ent ·consists wholly of comII?-on, handmade 
brick. Thef'common, yellow, loess clay is used, tempered 
with water in the ordinary pug mill. About 600,000 brick is 
the annual pl'oduct, and these are all consumed in supplying the 
local demand. 
O'i'HER CLAY-WORKING PLANTS • 
. 
Brick and tile works have .been operated intermittently or 
only for a season or two at other points in the county. The' 
raw material, especially for brick making, is so abundant 
and so generally qistributed that there are few points where 
some clay product might not be made. .A. second factory for 
the manufacture of brick and tile was operated sometime ago 
at Monticello, but in recent years the works have been idle, 
and brick were formerly m~d,E} ~t a. yard, now unused, In 
Wyoming. 
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BUILDING SAND. 
-Bountiful supplies of building sand are found in the sand 
bars along- the streams and in the beds of yellow sand and 
gravel that were deposited in connection with the yellow 
clays during the time of ice melting at the close of the Iowan 
period. 
MOULDING SAND. 
The sub-loessial -sands at Stone City are finer and more 
argillaceous than usual, and underneath the yellow clay there 
are from four to six feet of material that has been tested and 
found to serve excellently as moulding sand. 
ROAD MATERIALS. 
Outcrops of Niagara limestone are so numerous that few 
localities are far removed from unlimited supplies of material 
that maybe converted into road metal or macadam. The yel-
low sands and gravels already mentioned furnish the best of 
material for the improvement of clay roads, and all sandy 
stretches of road need only a thin layer of the widely distrib-
uted loess clay to render them passable at all seasons of the 
year. 
LEAD. 
t; 
More or less energy and capital have been expended in 
J ones county in prospecting for lead ?re. The Niagara lime~. 
stone, which is spread over the entire county, is dolomitic, 
and the Iowa dolomit~s -are -aU lead-bearing to a certain 
extent. The Niagara limestone, theref?re, contains some 
galena or lead sulphide, but, there is no evidence to justify the 
hope that lead ore, in paying quantities, will ever be found ill -
this formation. The OI~ebodies are all small, aggregating a 
few hundred pounds at'most, and while interesting from a sci-
entific point of view, possess no economic value. Some years 
ago Mr. James Brown took out 6,000 pounds of ore from a 
crevice on section 13 of Fairview township, and in the spring 
-of 1895 Mr. W. D. Sheehan obtained 5,000 pounds in section 
J9 ot J ~ckson township.. ?;:geE?~ 1?o~!f:}S of ore -are of very 
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unusual size for this formation, and would probably not be 
duplicated by the most persistent search in many years' to 
come. 
WATER SUPPLY. 
The streams of the county furnish' a plentiful supply of 
water in the regions through which they flow. The surface 
wells that 'furnished water so abundantly some years ago 
have very generally failed, and farmers and others have 
found it necessary to sink wells to water-bearing strata at 
considerable depth from the surface. The well at }Ylr. Gib-
son's tile ·and brick factory is only 46 feet deep, but the sup-
ply seems to be unlimjted. The well is bored about 26 feet 
in Niagara limestone. Near the center of Greenfield town-
ship it is ~ound necessary to bore 12 to 15 feet into the rock 
and the wells are from 75 to 150 feet in depth. Near Center' 
Junction water is found in beds of sand and gravel inter-
bedded with blue clay of the Kansan till, at a depth of from 
80 to 100 feet. The deep well at Monticello penetrated to the 
Saint Croix sandstone at a depth of 1,198 feet. 
The permanent wate:r-bearing horizons of which the wells 
of the county furnish evidence are (1) the Saint Croix sand-
stone, which may be reached anywhere in the county at a 
depth of from 1,200 to 1,500 feet, (2) the plane of contact 
between deep beds of till and the underiying indurated rocks, 
(3) beds of sand and gravel 'at some depth from the surface in 
the blue clay of the Kansan drift. The deep well at 1'Ionti-
celio gets its supply from the first named source, the wells 
near the center of Greenfield as well as many others through-
out the county draw from the second, and in the region 6f 
very deep drift near Center Junction there are examples of 
wells deriving their supply from the third source. 
WATER POWERS. 
The streams of Jones county furnish abundant water power, 
but these sources of energy have not yet been utilized as they 
doubtless will be in the future. The saw mills and grist 
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mills that were important factors during the period of set-
tlement have largely fallen into disuse. On the Wapsipinicon 
river there are milis at Anamosa, Newport and Oxford Mills. 
On the Maquoketa the chief water. powers are at Monticello 
and in section 3 of Scotch Grove township. Walnut creek 
once furnished power to a mill at Olin. . At Clay Mills there 
was a water power on Farmers. creek; and the same stream 
supplied the power for asmall saw mili northeast of Temple 
Hill, in section. 28 .of Washington township. These smaller 
streams, however, have recently been dry during the greater 
part of the year and the. mills operated at all have had to 
resort to steam power. 
The water powers·at Anamosa and Monticello are 'nowused 
chiefly in producing electric energy, .and it is in this direction 
that in the f:uture the permanent water powers will all find 
profitable employment. 
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EARLY GEOLOGICAL WORK. ii1 
INTRODUCTION. 
LOCATION AND AREA. 
Washington county lies well towards the southeastern cor-
ner of the state, being twenty-five miles west of the Missis-
sippi river and fifty miles north of Missouri. The Iowa river 
forms·a portion of its northeastern boundary, but with that 
exception the county bas no natural limiting lines. Iowa and 
Johnson counties lie north of it, and the latter, with Louisa 
county bounds it on the east. On the south it is bounded by 
Henry and. Jefferson counties, while Keokuk county lies 
immediately west. 
The area of the county is 570 square miles, being disposed 
in the form of' an approximate square having sides twenty-
four .. miles . long. Within this area there is a considerable 
variety both in topographical and geological detail. 
PREVIOUS GEOLOGICAL WORK. 
One of Owen's field parties under Mr. C. B. Macey in 1849 
ascended the Iowa river, but no special observations seem to 
have been made in the county. Worthen* in 1856 made a 
geological survey of the county which was .necessarily of a 
preliminary nature only. Whitet referred to the presence of 
coal measures in the county, but did TWt review W orth~;m's 
work. Calvint has published ~n account of the deep well 
bored at Washington, and J. Gass and W. H. Pratt§ in 1882 
called attention to the discovery of a mammoth skeleton 
within the area. 
Since the survey carried on by Hall and Worthen a number 
of new5:mtcrops have been discovered and considerable 
change has been made in the classification of the rocks 
exposed within the limits of the county. It was thought 
that the relations· between the Devonian and tbe Carbonifer-
ous could be well studied within this county, and the hope of 
*Geology of Iowa, vol. T, pp. 239-248. Albany, 1858. 
tGeology of Iowa, vol. II. p. 213. Des MOines, 1870. 
:;American Geologist, vol. I, pp. 28-31 l\iinneapolis, 1888. 
§Proc. Davenport Acad. Nat. Sci., vol. III, pp.171-118. Davenport, 1882. 
12G Rep 
118 GEOLOGY OF WASHINGTON COUNTY. 
obtaining information upon this point was one of the princi-
pal reasons for taking up its study at this time. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The topography of Washington county is in the main of the 
type known as the" loess drift. ':' It is characterized by long, 
low swells with broad-bottomed,· shallow, grass~covered 
swales between. Near the large streams· the country 
becomes decidedly rougher. The slopes are covered with 
loess, which merges more or less into the alluvium. Along 
English river, Crooked creek and a few other streams,· sharp 
rocky bluffs are .sometimes found. The bottom lands are 
usually broad.· Both along' the major streams and the smaller 
tributaries the present cutting . is confined usually to sharp, 
narrow channels running through the alluvium. ·Cutting in 
the hills along the rivers is, on the whole, exceptional. The 
. . . 
slopes are usually gentle and are grassed over. 
A way from the streams the normal drift plain topography 
is common.N ortheast of Washington, around Keota, and 
near Wyman, this type of land form is .exceHentlJ developed. 
The flat,· almost even surface, the straight highways, the 
black roads and the occasional, but on the whole very rare 
boulders, are all characteristic. . The streams, if it be proper 
to call them such, which cross such areas show very little if 
any cutting. Where Long creek· runs over the drift plain 
northeast of Washington, it can scarcely be recognized as a 
distinct landscape feature ... ~ Only a low, gent1~{swale, marked 
by bunches of marsh grass and occasional sloughs, indicates 
the beginning of the stream. Where' the country roads cross 
its course the bridges' stand up above the surrounding sur-
face and-are reached by long, low dirt embankments . 
. These drift plains form flat-topped divides' of consider~ble 
breadth between the rivers. Occasionally the minor streams 
have pu:shed back so far into the inter~stream areas that little 
semblance of a plain remains. The general elevation of the 
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upland is about 800 feet in the- north and west, and varies 
from that to about 750 feet in the south and east .. 
The broad flood plain of the Iowa and Mississippi rivers 
which forms so marked a physical feature of Louisa county to 
the east, does not extend far into this county. Indeed,the 
Iowa river, here flows against its west bank,. which is a series 
of abrupt drift bluffs 100 to 120 feet high..-- .. 
The elevations of the principal towns as well· as· a-riumber 
of other points are .shown in the following table. ,'L. . 
STATION. 
'j. ' 
AUTHORITY. 
. ::" ... 
---'----------=-----~----- ------------
Ainsworth ___________ . ______ ..:_ __ __ ___ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ 704 C.",R: I. &.;E>. By. 
Brighton ___________________ ~ __________ ~ ______________ 752 C., R. I & P. Ry. 
Brighton qu~:rries _______ , ______ ____ ____ __ __ __ _ __ _ __ _ _ 700 Survey. . 
Cedar creek, near VerdL _______________________ , ______ 713 C., R. 1. & P. Ry. 
Crooked creek, west of Washington __________ ~---:.----- 684 C.j·R, L & P. Ry. 
Crooked creek, south of Washington __________________ 073 C., R. 1. &P. Ry. 
Dayton _____________________________________ . ________ ' 823 ~urvey.. ' . 
East county line_ , _________________________________ .__ 658 B. & N. By. 
East county l~e_____ ------ ________________________ 7~9 I C., H 1. & P. Ry. 
East ~oun~y l1ne _________ . _____________________________ ' 668 \ B., ,0 R. & N. Ry. 
Enghsh rIVer, Kalona bndge ________________________ , 650 Survey. 
Havre ---- ---- -- ------ --- ---- .---------- __________ I 733 B. & N. By. 
High land between Verdi and Skunk river ___________ ,' 738 C., R. I. & P. Ry. 
IowaJ~nction-~------------,----------------,------~1649 'B., c: R. & N. Ry. Iowa RIver statlOn ______________ . __ , __________________ . 638 B., C. R.& N. By. 
Iowa River bridge _________________ ~ _______ :____ ____ _ 633 B, C . .R. & N. Ry. 
Kalona __________________________________ ,' __________ 665 B., C. R. & N. By. 
Keota___ __ ________ ____ __ ______ __ __ _ _ _ _ _ _ _ _ __ _ _ _ _ __ __ _ _ 803 C., R. I. & P. Ry. 
Nira _________________________________________________ c 770 B., C. H" & N. Ry_ 
North county line ___________________ ~---------------- 645 B.,C. R. & N. Ry. 
Northeast corner of county, on high lands north of . 
English river ________________ ,_ 'C ___ ~ ___________ 710 U.S. G. S. 
Northwest corner of county, on high lands north of I. 
English river, ____ , _______________ . _______________ I 810 U. S.G. S:, 
Riverside ____________________________________ :. _______ .1648 R,C. R. & N. Ry. 
Skunk river, north of Bdghton ___________ ~ ____ ~_~ ____ , :613 ,'S:u-r-vey. ,_.. '. 
Stream southeast of Crawfordsville ________________ ~ __ 668 ,B. & N. B.y., 
South county line _________________________________ ~:. __ 763 'C., R. I. '& P. P.y. 
VerdL _____________________________________ , _________ ~ 673 C .. R. I. & P. Ry. 
Washington ___ , ______________________________________ 769 C.;·R. 1. &; P: Ry. 
Wassonville mill, -- _ -- __ -- ---- -- __ -- -- __ -- -- _ -- __ --- -- .706 I Survey., " Wellman _______ _ ___ __ __ __ ________ __ __ ____ _ _____ _ _ ____ 730 B., O. R. & N. Ry. 
West Chester _______ ,,_ . ____________________________ ~ __ 7841 C.,R: L& ,P. Ry. 
West county line __ -, - - ______________ ..- _____ ..- ________ " 772 ]3." C. R. & N.By. 
In the above table the elevations credited to the' United 
States Geological Survey are taken from the topographic atlas 
sheets of that organization. Those credited to the different 
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railways are from the engineer's profiles. The elevations 
credited to the survey itself are corrected barometric obser-
vations connected with the nearest known point. While not· 
wholly free from error, they may be relied upon as approxi-
mately correct. ' 
,A comparison of these elevations gives sorne'interesting 
results. Dayton, it is seen, lies on the high ridge between 
English river and Smith creek, and is 11 T feet above the former 
stream and 93 feet above the latter. Welbp,an i$ in the valley 
of Smith creek. Kalona, Riverside, and Iowa Junction are 
built on the flood plain of English river. Keota, while 
scarcely more than a mile distant from Crooked creek,' is yet 
built upon the high land, while West Chester, at .the same or 
slightly greater 'distance from the creek, lies 'on land wl:Iich 
has been degraded a few feet. Washington is built upon a 
tract of la,nd lying thirty-five feet below the general upland 
,level and eighty-five feet above Crooked creek. Ainsworth is 
in the valley of 'Long branch. Havre and Crawfordsville are 
on the ridge formIng the watershed between the Iowa and 
Skunk river systems. Verdi, Brighton, and Coppackare ali 
within the influence of the Skunk river erosion, while Noble 
and Wayland Crossing are, built . in the valley of Willianis 
creek. 
DRAINAGE. 
The drainage of the county belongs to two systems, the 
Iowa and the Skunk. The former drains the northern and 
northeastern portioR of the county, while the southwestern 
half, approximately, is drained by the Skunk river tributaries. 
The Iowa river itself' does not flow within the county, but 
forms a portion of the ~?rtheastern boundary. Its immediate 
drainage basin is, in this county, very inconsiderable; the 
main portion of the water which reaches ,it coming, rather 
from' a series of long, non-branching' tributaries which, flow 
almost at right angles to its own course. Of these latter, 
English river, Davis and Goose creeks are typical, while Long 
creek belongs to a slightly different category. 
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English river is formed near the northwest corner of the 
county by the junction of North and South English. It flows 
almost directly across the county, with but slight deviation 
from its general easterly' course. It is remarkable for its 
considerable length in proportion to the width of its drain-
age basin and for the small number of its tributaries. Of 
FIG. 9. Drainage of Washington County. 
these latter, Smith creek, joining it a few miles below Well-
man, is the most important. It is a representation in minia-
t~re of the larger stream. English river, at the point where 
the north and south branches unite, is about 700 feet above 
sea level. Its mouth is nearly 80 feet below this point, so 
that within the county it has an average fall of about 3.3 feet 
to the mile. As has been noticed by McGee, the steeper 
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slopes and higher bluffs are on the south bank of this stream. 
With but one important exception the rock outcrops are con-
fined to the southern slope. 
Davis creek; which in its upper portion is called Continue 
. creek, rise's in Jackson township, flows northeast, then east 
to Iowa' river:' It' is a narrow stream, with few tributaries, 
and has at o:nly one. or twopoints succeeded in cutting through 
the drifL 
Goose creek r.isesin Highland township and flows southeast 
to the 'county line,withiria :mile of which it is joined by 
Whisky run. . These streams have cut from seventy to ninety 
feet below t?-0 upland level, but only·· expose the indurated 
rocks at wide intervals. In general character they resemble 
English river mark~dly., 
Long creek with its two branches,north and south, flows 
southeast, reaching the Iowa', river near Bard in Louisa 
county. It belongs, rather, to the class having many widely 
branching affiuents. 
The Skunk river system includes within the county, the 
Skunk river itself,. with its immediate tributaries, and the 
subordinate system formed by Crooked creek and its branches. 
The Skunk eiJ.ters the county about six miles north of the 
southwest ~oi~iler, and flows east of south to Coppack, where 
it makes au abrupt turn due south and leaves the county. It 
is a stream of considerable" size and has an average fall of 
about two feet,eig:ht inches per mile. It has a wide valley, 
with broadhottom lands, and has cut its channel nearly 200 
feet below the'g:eneraiplateau,level, the last' seventy feet or 
more being channelled through the limestones below the 
drift. 
This stream, a short- distance after it enters the county, 
receives Richland creek from the south. A' mile or more 
below, a second small· stream, also from the south, flows into 
the larger river. The principal stream flowing into Skunk 
river from the north is" Dutch . creek, which b~~ ~ cQur~e 
a.lmo~t directly south for $Ome ~i~ miles! 
REVERSAL OF CROOKED CREEK. "123 
Crooked creek enters the county near Keota, and flows 
southeast to about two miles north of Noble; here it turns 
directly west, but after flowing five miles in this direction it 
turns due south and joins Skunk river near Coppack. In its 
upper portion the south bank is the better" defined, most of 
the tributaries flowing in from the north. In its lower portion 
the reverse is true. Near Washlngton, Clemons and Cedar 
creeks flow in from the west. At the point where Crooked 
creek makes its abrupt change, north of Noble, it receives 
the East Fork of Crooked creek. This is a small stream flow-
. ing in a rather large valley, which is a direct continuation of 
the main valley of Crooked "creek. At one time Crooked 
creek probably flowed on up the valley now occupied by its 
east fork and over the low divide north of Marsh into Otter 
creek, thr9ugh which it had a direct course to the Iowa. " At 
the bend north of ::Noble it then received a tributary from the 
west. Near Coppack the Skunk received a similar tributary 
from the north, which does not seem to have been a large 
stream at that time, but had the advantage of a more rapid " 
descent and worked its way back till it captured the stream 
flowing into Crooked creek. Since the Skunk river is nearly 
sixty feet lower than Crooked creek where they are parallel, 
the new channel thus opened up afforded a short cut, and what 
is now the west fork of Crooked creek began" to flow up its 
tributary and across the divide, marked now by a cut in the 
limestone, into the small branch' of Skunk river. The 
increase of volume caused the stream to cut down rapidly 
into the underlying limestones, and so we have here a stretch 
of valley which is not relatively ~de, but which is cut well 
down into the indurated rocks. In the adjustDlent, a part of 
the lower portion of Crooked cre~k was reversed and became 
what is now the East Fork. This change in the course of 
Crooked creek was probably due in part to the incursion of the 
i~e from illinois, though there is good grounds for the belief" 
that it would ultimately have occurred in any ~vent. This 
incursion is represented in Iowa by a moraine, traced by Mr. 
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Frank Leverett, which crosses the former course of Crooked 
creek, and forms the present divide between the East Fork of 
that" stream and Otter creek near Morlting Sun. This later 
cutting gives then, a measure of the stream erosion occurring 
after the incursion of the Illinois lobe. 
These adjustments were the more easily accomplished as 
the region near the great bend is drift covered and easily cut 
through. The stream is now wearing on its west bank which 
is here composed entirely of drift, and sooner or later it 
wiil find a channel across the narrow neck of unconsolidated 
deposits. 
Williams creek is a small stream flowing into Crooked 
creek from the east. It has a narrow valley and in the lower 
part has cut some twenty feet "into the limestone. 
"" 
ORIGIN OF THE DRAINAGE SYSTEM. 
The drainage system of the county seems" to have "had its 
origin in or immediately succeeding glacial times. The 
explanatian given by 11cGee* for English river, that it flows 
along the southern edge of a gently sloping plain, seems in a 
general way to be also applicable to the upper portion of 
Crooked creek. These streams would then have had their 
origin subsequent to the deposition of the drift. 
Skunk river is a large stream and seems to have had a 
longer history. In general direction, and in the presence of 
the abrupt turn at Copp::Lck, it simulates the Iowa, Cedar and 
other rivers farther north. It seems probable that its history 
may have been much the" same as that of those rivers. 
Though drainage lines evidently existed in. this region previ-
ous to the ice invasion, the evidence at hand does not show 
any very close" connection between the two. " Indeed, some 
of the present streams cross'almost at right angles the older 
valleys. There is, at some points on Williams creek and 
Skunk river especially, some evidence of the present valleys 
being in part drift-filled, but by far the greater portion of 
*Eleventh Ann. Rep. U. S. G-eol. Sur., pt" 1, pp412-413. Washington, 1892, 
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stream erosion must clearly have taken place between the 
deposition of the drift and the loess. In crossing the country 
exposure after exposure may be seen where the sides and bot-
toms of the small valleys are covered by a thin veneer of loess. 
The latter is not usually thick on the upland. Indeed, it can 
scarcely be said to occur over the drift plains. East of 
Bethel church, in Highland township (Tp. 76 N., R. VI W., 
Sec. 30), the wagon road crosses a number of small ravines 
which have the relations indicated by figure 10. The drift 
may be seen in the cutting' at the side of the road in both 
FIG. 10. Relations of present to preglacial drainage. 
of the outside ravines. The loess follows right down the 
slope, veneering the drift. In the middle ravine the road 
cuttings have not been deep enough to expose the drift. 
Similar relations between the drift and the loess may be seen 
north of Riverside and at very many other points. One can 
not escape the conviction that the streams made their present 
valleys, even in the case of. the minor tributaries, before the 
loess was deposited, and that the amount of erosion since 
that time has been comparatively insignificant. If the corre-
lation of the loess with the later or Iowan ice be correct, it 
would follow that the stream erosion took place in interglacial 
or Aftonian time, and the relative amount of stream action 
before and after the loess would be a strong argument for the 
great length of interglacial time as compared with post-
glaciaL 
While the divides of the county are, as has been said, fiat-
topped, and there are regions of immature drainage, the gen~ 
eral impression which one gains from a study of the streams 
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of the county is one of relatively great age. As contrasted 
wit~ the areas farther north, now covered by the drift of the 
Iowan and Wisconsin ice sheets, the amount of erosion is 
great. As has beensajd, there is hut little evidence that thi~ 
erosion was accomplished in preglacial .time. It has been 
largely, if not wholly, effected since the drift of this region 
was laid down-in post-Kansan time. Apparently but little 
of the erosion has taken place in post-Iowan. 
STRATIGRAPHY. 
General Relations of Strata. 
The geological formations comprised within the county 
belong entirely to the Carboniferous and the Pleistocene. 
The classification of the strata is shown in the following 
table. 
Classification of Forma.tions. 
I 
GROUP. I SYSTEM. SERIES. STAGE. I 
-~-I----· - -----------
I Recent. . 
I -----
Cenozoic. Pleistocene. Iowan. 
Glacial. 
Kansan. 
Upper Car-
bonifer- Des Moines. 
ous. 
< Saint Louis. 
i .. I 
I Paleozoic Carboniferous. 
I 
~ Mi8~i8SiP-1 Augusta. 
plan. 
Kinderhook. 
SUB-STAGE. 
------
Alluvial. 
I Loess. 
Drift. 
I Pella beds. 
I Verdi beds .. 
I Springvale beds. 
(Keokuk?} 
Bui-lington. 
Wassonville linre-
stone. 
Maple mill shale. 
I English river grit-
. stone. . 
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STANDARD SECTIONS. 
The following sections may be taken as representative of 
the differ~nt geological formations of Washington countyA 
Together they form a general section of the indurated beds. 
:MAPLE MILL SECTION. 
(Tp. 77 N., R. VIII W., Sec. 4, Se. qr., Nw. t.) 
FEET. INCHES. 
4. Limestone, ferruginous, arenaceous in place!", 
fine-grained, red, containing numerous casts 
of fossils and with thin chert layers 2 to 8 
incbes thick, alsofossiliferous _____________ 10 
3. Sandstone, or gritstone, very fine-grained, 
wbite to buff, very fossiliferous____________ 18 
2. Limestone, fine-grained, non-fossiliferous ___ _ 
1. Shale, argillaceous, dark blue to drab, becom-
ing almost black in places _______________ ._ 12 
2 
The whole of this section maY4 be referred to the Kinder-
hook. Numbers 1 and 2 represent the Maple NIill shales, 
~umber 3 the English river gl'itstone, and number 4 the Was-
sonville limestone. The upper member (No.4) may be readily 
traced up the river to the Wassonville mill where it is some-
what thicker. . At this latter place the Augusta limestone is 
seen to lie above it, but is better seen in the following section 
on Crooked creek. 
ECKELS QUARRY SECTION. 
(Tp. 75 N., R. VIII W., Sec. 2, Sw. qr.) 
FEET. 
3. Loess _________________________________ . ___ . _____ 12 
2. Local drift. _ .. _______ . __ . _______ . ____ . __ .. ___ .. ___ . 6 
1. Limestone, coarsely sub-crystalline, blue, gray and 
white in color, running in ledges from 3 to 20 
inches. ___ . _____________ .. _ .. __ . ____ .... __ .. ______ .. 20 
The stone here belongs to the Augusta, or more specifically 
to the BUrlington layers of that formation. The top of the 
formation is not seen at thIS point, nor indeed is the contact 
between it and the next upper member, the Saint Louis; found 
at any point in this county, though it may be examined at a 
number of exposures in Reokuk county immediately wei:?t~ 
~ -
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The Saint Louis is excellently shown near Brighton, all the 
members being present. The whole formatiop., however, and 
each of its subdivisions, is much thinner than usual, the great-
est diminution being in the middle member or Verdi beds. 
A complete section along the small ravine running north from 
Brighton to the river is as follows; 
BRIGHTON SECTION. 
(Tp. 74 N., R. VIII W., Sec. 29.) 
FEET. INCHES. 
17. Clay, purple to brown; full of Saint 
Louis fossils, and with irregular pieces 
of Saint Louis limestone but no err at-
ics; 8 inches to 3 feet._. ___ .__________ 2 
16. Limestone, gray _ _ _ _ __ __ ____ _____ _ _ _ __ _ _ 8 
15. Limestone, fine-grained, compact, ash-
gray in color. ________________________ 1 8 
14 .. Limestone, as above____________________ 1 6 
13. Limestone, gray __ .. -. --- -- ________ ---c _ _ 3 
12. Limestone as above ____________________ 3 
11. Sandstone, witb irregular shaly lime-
stone, the two replacing each other in 
whole or in part at intervals __________ 8 
10. Limestone, fine-grained, ash-gray, com-
pact ___________ . _________________ . ___ 1 6 
9. Limestone, as above____________________ 2 6 
8. Limestone, as above, water worn andcav-
ernous, the face covered in part by 
stalactitic matter____ ________________ 7 
7. Limestone, as above, water worn____ _ ___ ·7 
6. Clay, blue to drab ____ .: ___________ ._____ 3 
5. Unexposed talus, of brecciated limestone 
and sandstone________________________ 20 
4. Limestone, soft, brown, earthy _ _ _ _ _ _ _ _ _ 2 
3. Unexposed __________________________ ~_ _ 6 
2. Clay, blue to green, soft . __ -;____________ 4 
1. Limestone, above, thin-bedded, ash-col-
ored, sandy, non-fossiliferous; below, 
in bed of river, hard, black, with ob-
scure fossils ________________ . __ ~-~---- 8 
This whole section may be referred to the Saint Louis, with 
the possible exception, as will be noted farther on, of the 
lower member which may represent the upper Keokuk or 
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Warsaw layers. Numbers 17 to 13 inclusive may be seen in 
the Martin quarry; numbers 13 to 7 inclusive are shown in 
the Chicago, Rock Island & Pacific quarry now abandoned; 
number 6 is not exposed, but was at one time encountered in 
working the latter quarry; numbers 5 to 1 inclusive are shown 
in the bluff on the Skunk river at the Brighton mill. 
The lower four members belong to the series recognized in 
neighboring counties as the Springvale beds, but are not 
typical. The .upper six members represent the Pella beds, 
while the intervening layers are referred to the Verdi. The 
latter series of beds is typically developed about two and a 
. half miles north of here and has probably a much greater 
total tbickness. The two heav~ limestone ledges, numbers 
7 and 8, do not appear to extend much north of the railroad 
quarry. In their place, as seen at the mill,. is the talus, 
which thus probably, in part at least, represents them instead 
of being wholly beneath as given above .. 
As has been stated, there are within the country_ a few 
small coal measure outliers. None of these now exhibit com-
. plete sections. At the time of Worthen's visit coal was heing 
taken from the outlier west of Verdi.- The following. section 
is given by him. * 
LIEBS MINE SECTION. 
(Tp. 74 N., R. VIIIW., Sec. 5, Ne. qr., Ne. t.) 
FEET. INCHES. 
5. Clay, sha~y _____________________________ 3 
4. Coal ______________ .~___ _________________ 3 6 
3. Coal,slaty _________ ~ ________________ . ___ 2 3 
.. ,. 
2. Sandstone, quartzose, ferruginous, partly 
exposed __________ - ____ ~_______ ______ ? 
1. Limestone, concretionary ______________ 10 
The upper. four members belong to th~ Des Moines ;forma-
~ion (coal measures) while the lower is the Saint Louis. The 
~urfac~of the limestone is exposed some fourteen feet below 
the coal and the interval-is probably filled by the sandstone. 
*Geology of Iowa, yolo I, p.242. Albany, 1858. 
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DEEPER STRATA. 
Our knowledge of the strata lying below the Kinderhook 
of this county is derived entirely from a deep well put down 
at Washington, the record of which has been interpreted by 
Calvin. 
The strata passed through may be summarized as follows. 
FORMATIONS. THICKNESS. 
Drift. ___ " _______ ., ____ ~ ____ _ _____________ " _ _ __ _ ___ 350 
Kinderhook, shales _ _ _ ___ ____. ____ __ ____ ____ ____ 82 
Devonian limestone _____________________________ _ 
Niagaralimestone ________________ . ___ ._ -________ _ 
Maquoketa shales ____________ . ______________ .: ___ _ 
Galena limestone ________________________________ _ 
Trenton limestone and shales " _________ . ________ _ 
Saint Peter sandstone . ______ . ___________________ _ 
. Oneota, blue shales ____ , _ _ _ _ _ _ _ ___________ , ____ _ 
Saint Croix sandstone ___________________________ _ 
Geological Formations. 
68 
170 
91 
160 
132 
100 
? 
The areas covered by each of the different formations 
exposed within the county may be seen by reference to the 
accompanying map. It will be noticed" that .. in general the 
older rocks are in the northeast;, each later formation outcrop-
ping successively to the southwest; An ex;ception to this 
rule is seen in the coal,measures outliers which overlap the 
earlier beds. The considerable erosion which has taken place 
since their deposition is evidenced in the small size of the 
remnants of' this forma~ion. 
The limits as indicated on the map are notconsideredabso-
lutely correct at all points as the mantle of drift .which con-
ceals the beds makes considerable error possible. 'l 
, MISSISSIPPIAN SERIES . 
. " With the exception of the few areas cuveredby"the Def? 
Moines formation the indurated rocks -of the county belong 
exclusively to the Mississippian or Lower Carboniferous series .. " 
They are of considerable interest, since within the county all 
three of the major divisions of that series found in Iowa, the 
, . 
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Kinderhook, the Augusta and the Saint Louis, are well exposed. 
The Mississippian rocks have heretofore been most exten-
sively studied along the river from which the series takes its 
name, and the typical outcrops of the major as well as the 
minor divisions are found along its banks: . There are few 
points in Iowa at least, where the whole series may be found 
ata distance from the main river. The rocks of Washington 
county form an independent section· which might be called 
_ the Central Iowa section of the Mississippian. It is of con-
siderable interest to find how closely this section may be cor-
related with that previously studied. 
The Washington county section of the Mississippian series 
has. been studied ·from an independent standpoint, and the 
results reached are not due to simply tracing into the ar6% 
formations already recognized in the southeast. Rather, such 
correlation as has yet been attempted} has been made by 
working in the contrary direction and the general agree-
ment arrived at is ther~fore the more interesting and valu-
able. 
KINDERHOOK • 
. The beds of this formation which ·areexposed within this 
county, and which here form a stratigraphic unit, are well 
shown in . the :Maple Mill section previously given. The 
exposures are entirely confined to English river and its tribu-
taries with the exception of one or two small outcrops on 
Goose creek and Whisky nino ' 
The members of the section exposed at Maple :Mill maybe 
r.ecognized at several points farther up the river. On the 
opposite side of the river at the head of the big bend (Tp. 77 
N", R. VIII W., Sec. 6, Sw. qr.) the limestone forming the upper 
member eN o. 4) of the Maple min section has been quarried. 
The old opening shows the following .. 
FEET. INCHES. 
10. Limestone, earthy, arenaceous, red, fos-
siliferous _______ , _________________ .____ 12· 
9 Chert, in ·thin layers from 2 to 4 inches 
thick; very fossiliferous______________ 4 
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FEET. INCHES. 
8. Limestone, as above____________________ 10 
7. Chert, as above________ ________________ 3 
6. Limestone, as above____________________ 1 6 
4. Limestone, as above____________________ 2 6 
3. Chert, as above. __ _ __ __ __ __ __ __ _ __ _ ___ _ 2 
2. Limestone, as above____________________ 4 
1. Unexposed to water _____________ . _ __ _ _ 4 
The above section is typical of this portion of the Kinder-
hook. The lower beds are not seen here, though 'they are 
imperfectly exposed on the opposite side of the river at the 
Wassonville mill (Tp. 77 N., R. IX W., Sec. 12, See qr.). 
Worthen's section of this point is as follows. * 
FEET. INCHES. 
5. Slope with outcropping masses of quart-
zose sandstone 
-----------------------
6 
4. Burlington limestone ___________________ 3 4 
3. Massive, brown, arenaceous, limestone_ 2 
2. Ash-colored gritstone ______ '. ____ . ______ 2 2 
1. Buff-colored gritstone __________________ 6 6 
The lower portion of this section is now largely covered, 
but enough can be seen to prove the presence of the grit-
stone, which corresponds to number 3 of the Maple mill sec-
tion. At the latter place the two heds (numbers 3 and 4) are 
not sharply separated, but seem to merge slightly along the 
line of (;ontact. It is of interest to note that at Wassonville 
a blue argillaceous shale, similar to number 1 of the NIaple 
Mill section, at one point occurs interbedded with the lime-
stone. In general the massive brown limestone is similar to 
that in the section on the opposite side of the river already 
gIven. The presence and thickness of the chert layers is the 
same. The thickness of this bed as exposed at the mill is 
considerably less than Worthen's estimate; not m.?re than 
twenty-four feet being exposed. The Burlington limestone 
is not seen at the mill but is exposed in 'some quarries farther 
back on the ridge. A careful search has failed to reveal the 
coal measure sandstone, though at one point a huge boulder, 
*Op. cit., p. 245. 
KINDERHOOK. 133 
lithologically ident~cal with the sandstone seen at Leib's mine 
and elsewhere, was found. Further up the river the Kinder-
hook appears from beneath the drift at two points, both on 
the north side of the river (Tp. 77 N., R. IX W., Sec. 1, Sw. 
qr., and Sec. 3, Ne. qr.). On the south side it may be traced 
nearly a mile. 
Near Wellman, in the valley of Smith creek, and twenty-
four feet higher than English river at Wassonville, the 
Augusta is exposed. At one point west of town (Tp. 77 N., . 
R. IX W., Sec. 24, Nw. qr.) the Kinderhook was struck in a 
well, at a depth of eighty-five feet .. Southeast,of Wellman the 
creek soon cuts through the Augusta into the Kinderhook. 
In section 19 (Tp. 77 N., R. VIII W;) the latter was encoun-
tered in the base of a quarry on a level with the stream. 
In the old Burlington, Cedar Rapids &~ Northern railway 
quarry (Tp. 77 N. ,R. VIII W., Sec. 16) the limestone layers as 
expo~ed are twe'nty feet' thick, with the base twenty feet 
above the bridge on Smith creek. The stone is of the usual 
earthy magnesian character and runs in ledges two to four 
feet thick, separated by thin layers of cher~_; The Augusta 
is reported to occur immediately above the top of the quarry, . 
though it is ,not now exposed. 
On the river, south of Kalona (Tp. 77 N., R. VIr W., Sec. 
16), there is an interesting Kinderhook exposure. Near the 
river the lower shale member (Number 1 of the Maple mill 
section) is exposed with a thickness of twelve teet. In a 
small tributary stream a half mile back from the river the 
following is seen. 
FEE'l'. INCHES. 
5. Limestone, earthy, soft, reddish-yellow,_ 4 
4. Chert ___________ ~______________________ 4 
3. Limestone, as above ___ ~ ____ ~___________ 1 4 
2. Limestone, as above____________________ 1 8 
1. Limestone, softer, shaly ________________ 4 
,. .The beds seen here seem to lie Immediately beneath the 
drift over a considerable _portion of Highland township, out 
cropping at several points along the streams (sections 21, 
l3G Rep 
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33 and 34.) The heavy drift accumulations prevent exposures 
along Iowa river and the lower part of Davis creek. 
An examination of the preceding sections shows that we 
have here three different beds, or series of beds, which are_ 
referred to the Kinderhook. They are from the top down~ 
ward: 
(1) Wassonville limestone:-An earthy magnesian lime-
stone in places becoming arenaceous, itself fossiliferous, and 
with thin chert bands also containing fossils. 
FIG. 11. Wassonville limEstone on English river oPPosite Wassonville mill. 
(3) English river gritstone:-A fine-grained sandstone, or 
gritstone to use vV Ol;then's name, also well characterized by 
fossils. This bed, at all observed points, merges into the 
bed above lithologically, though it is quite distinct within a 
few feet of the contact. The grjtstone is thickest toward 
the west and northwest and thins out, finally disappearing, 
towards the southeast. 
(3) Maple mill shale:-A bed of argillaceous shale which 
is at one point sharply separated from the gritstones above, 
while at others it is interbedded with them. The shale itself 
is non-fossiliferous, and its base is not exposed. In the 
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Washington well a shale ver-y closely resembling. this was 
penetrated at a depth of 350 feet to 432 feet. At 458 feet a 
Iight-coloredmagnesian limestone was encountered contain-
ing the typical- Devonian fossils Atrypa 1'entioulal'i8 Lin., and 
Athyr"i8vittata Hall *. 
The Wassonville limestone and the English river gritstone· 
are both fossiliferous. In the gritstone the fossils occur as 
molds and, while numerous, are badly preserved so that 
identification i!;\ difficult if not impossible. A collection ma~e 
at the typical locality, the Maple mill northwest of· Wellman, 
included the following forms as determined by Professor 
Calvin. 
. All07'isrna, Sp . 
.Aviculopecten, Sp. 
BeZZeJ'Oplwn bilabiatu8 Who & Whf. 
Chonetesfi8cheri N. & P. 
Ohonetes, Sp.nov. 
Edmondia, Sp. 
Othothetes inequalis HalL 
Orthi8, Sp. 
Orthoceras hetel'ocin.,ctu,s Winchell( ?)._ 
Pmd;uotus bnJ'linqtonen8i8 Hall. 
PI'oductus -coneentl'iOU8 Hall. 
Rhyn.chonella opposita Wh: & Whf. 
Rynohonella pu,stl,tlOSet White. 
Spirijera, Sp. 
Stl'apctJ'Ollu,s, Sp .. 
Terebratulct, Sp. 
• 
The A viculopecten is the of type A. jet80iculatus Keyes, 
but is a different species. The Orthis is closely related to 
O. -impress(;t" Hall. The Spirifer is doubtless the ancestral 
form of S. grimesi Hall. There are two species of Straparol-
IllS. 
The Maple mill ~halehas, within the limits of this county, 
proven to be non-fossiliferous, and its age must be determined 
*Calvin, Op. cit, p. 29_ 
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by its relation to the other beds. It is significant that near 
Kalona it is found interbedded with the gritstone, the latter 
containing the same speCies of fossils that are found at the 
typical exposure of the English river gritstone, and that at 
Wassonville a thin bed of gritstone strata· is at one point 
interbedded with the limestone. 
, The beds which, in southeastern Iowa, are now referred to 
the Kinderhook, were first studied by Owen. By him and his 
immediate successors they were recognized as of Cal"bonifer-
ous age. Later, in deference to the published opinion of Prof. 
James Hall, they were referred to the Devonian, and were cor-
related with the Chemung. It was in accordance with this 
idea that Worthen referred the Wassonville section to the 
Chemung*. 
Later Meek and Worthent proposed the name Kinderhook 
to include all the strata lying between the, Burlington lime-
stone and the black slate of the Devonian, and called atten-
tion to the Carboniferous affinities of the beds. Among the 
localities given by them as typical for the new formation was 
Burlington. 
The rocks found at this point which are referred to the 
Kinderhook are described by Keyest as follows. 
• 
FEET. 
6. Rather soft, buff limestone, probably somewhat 
magnesian, apparently sandylocally ____ . _____ ;_ 5 
5 Gray oolite_______________________________________ 4 
4. Soft, fine-grained, yellow sandstone; highly fossU-
iferous ______________________ . _____ . _____________ 6 
3. Gray, impure limestone, fragmentary, with often 
an oolitic band belowc _______________________ 9 to 13 
2. Soft, fine· grained bluish or yellowish clayey sand-
stone passing into sandy shales in places ____ 20 to 30 
1. Blue clay shale, fossiliferous, shown by borings to 
extend 50 to 100 feet or more below the water ~ 
level; exposed. ____________________ . _____________ 50 
-----
* op. cit., 245. 
Am. J our. Sci., (2), VoL XXXII, p. 228. 1861-
Bul. Geol. Sec. Am., Vol. III, p. 285. 1892. 
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The Kinderhook, as found at Burlington, has been traced 
along the foot of the Mississippi escarpment to the northern 
edge of Des Moines county. About two and a half miles north 
of Hnron (Tp. '72 N., R. II W., Sec. 22, Se. qr., Nw. f), it}s 
exposed as follows. * 
FEET. 
2. Sandstone, friable, argiUaceous ______ . ____ . ______ 20 
1. Shale, blue, reported from welL ___________ .______ 4 
In Louisa county the Kinderhook maybe traced along the 
bluffs, being exposed north of Morning Sun at several points 
on Otter creek. It is here a massive, arenaceous, soft, earthy 
limestone, of brownish-yellow color and is underlain by the 
usual blue shales.· These exposures have not been directly. 
traced to the Washington county outcrops, but the presence 
of Burlington limestone on Long creek, southwest of Colum-
bus City, re;nders it probable that the brief intervening gap 
may be bridged. There can, however, be no doubt as to the 
equivalency of th~ two sections. 
The upper memhers of the Maple mill section (numbers 3 
and 4) may be considered as the equivalents of. all the layers 
above the blue shale at Burlington (nllmbers 2-6) referred to 
the Kinderhook. Worthen considered the magnesian lime-
stone at Wassonville (No.4) as the equivalent of the oolitic 
layers. The English river gritstone occupies the same rela-
tive position as the yellow sand layer (number 2). at Burling-
ton, and the fauna shows close affinities.Numb81~ 2 of <the 
Maple mill section is of local occurrence only. The shale at 
both points is undoubtedly the same. Number 6 of the Bur-
lington section has been correlatedt with the Chouteau lime-
stone of Missouri, and numbers 2 to 5 are considered to repre-
sent the buff sandy shale exposed immediate}-y below the 
Chouteau at Louisiana, Missouri, and forming the upper por-
tion of the Hannibal shales (Vermicular shales and sand~ 
stones of Swallow)~ The blue shale at the base of the Bur--
lington section represents the green shale at the base of the 
Hannibal shales as seen at Louisiana, Missouri. -
*Geologyof Des Moines county, Iowa Geol.Surv_; Vol. IH,p. 425 .. Des MoiI~es, 1895, . 
tKeyes: Bul. GeQl. Soc;}. Am., Vol. Ill, llP. 285-~6. Rqchester, :j,89"~. 
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The exact thickness of the lower bed (Maple mill shale) 
is unknown. There is in Washington county a maximum 
exposed thickness of about forty feet. At Burlington borings 
have shown it to have a thickness of at least 160 feet. In 
the deep well at Sigourney 229 feet of shale, which may be 
referred to this horizon, were penetrated. A comparison of 
the levels of the outcrops on English river with the base as 
revealed in the Washington well, allowing for a slight south-
erly dip, gives a thickness of at least 200 feet. 
An interesting question arises as to the base of this lower 
member. The exact relations between the Carboniferous and 
Devonian have not been definitely determined in Iowa. Meek 
and Worthen in defining the Kinderhook included all the 
strata between the Burlington limestone and the black shale 
which has been found at many points in the Mississippi val-
ley and which frequently contains Devonian forms. This 
shale does not occur in Iowa, unless the Lime creek shale 
described by Calvin be its representative.' Instead we have 
at the base of the Kinderhook a heavy shale which in Mis-
souri is up-derlain by a third member, the Louisiana or litho-
graphic limestone. The Louisiana limestone is supposed to 
be of Kinderhook age: though evidence has recently been 
produced* suggesting that it may be Devonian. In the 
Washington well the shales recognized as Kinderhook were 
found resting directly upon limestone from which typical 
Devonian forms were obtained. The Devonian outcrops nearest 
to the Kinderhook shales of Washington county are found in 
the vicinity of Iowa City and Muscatine. The intervening 
territory is heavily drift covered so that the exact re!ations 
can not be observed. It is possibly significant that the 
. country between the mouth of English river and the Musca-
tine' o.uterops is a low level bottom land and represents 
exactly the lateral enlargement in the Mississippi channel 
which would take place during a long period of erosion where 
the country rock was a soft shale. There i~ no topogra-ph.iG 
*~eyes: A.merica~oGeolo~ist~ vol. X.:Jlp. aOO-38!. 1892. 
I 
l 
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indication of any hard beds intervening between the shale and 
the Cedar Valley limestones of the Devonian. While the 
different members of the Devonian have not yet been defi-
nitely differentiated for the whole state, making it difficult to 
say just what is its uppermost limit, the Lime creek shale 
constitutes the highest member known. Apparently then we 
have on the one hand at the top of the Devonian a series of 
shales containing Devonian forms, and on the other handat 
the base of the· Carboniferous an exactly similar shale inter-
bedded at the top with gritstones containing Kinderhook 
forms. 
In Washington county the Maple mill shales have not been 
found to contain fossils. The beds at Burlington which may 
be correlated with it do, however, contaIn certain forms. 
Collections made at the Granite Brick works at Burlington 
by Mr. E. H. Lonsdale have been recently investigated and 
shown to include forms with Devonian affinities. 
The sandstones of Nluscatine county, which were at one 
time correlated with the yellow sand layer at Burlington, 
have been shown by· Calvin to be of Devon'ian age, and it 
seems not improbable that ultimately a considerable portion 
of the beds now recognized as Kinderhook may be proven to 
be pre-Carboniferous. Some of the evidence at hand supports 
the belief that the shale at the top of the Devonian and that 
at the base of the Carboniferous is the same. The difference 
in the fossils in that case would be due to geographic causes. 
According to this vIew, while the Lime creek beds, which con-
tain a prolific DevoIi.ian fauna, were being laid down, corre-
sponding sediments were being deposited 120 miles away to 
the southeast.. The conditions of life at the latter point seem 
not to have been favorable, and most of the fauna which wan-
dered so far fr om the shore perished. The few which sur-
vived became modified in important regards. Among them 
is Orthis i01..oensis Hall var. which shows a marked change 
in the muscular scars. Iil time new Carboniferous forms 
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were· introduced and m the succeeding deep sea deposits 
became supreme. 
AUGUSTA. 
In Washington county, as also in Keokuk county, the lime-
stones composing the Augusta formation, and which elsewhere 
are known by individual names, are not separable. There 
are slight differences in lithology, more marked, however, 
between the exposures of Louisa and Washington counties 
FIG. 12. Augusta limestone 'on Rock creek in Keokuk ccuuty. 
tha,n between any within the immediate limits of this county, 
and a few forms occur at some points which have not been 
found at others. The greater number of fossils·found belong 
to the Burlington fauna, though a few Keokuk forms 'Dccur. 
The formation is however, as a whole, a distinct, well marked, 
stratigraphic unit for the region studied. It is neither advis-
able nor possible to divide it into formations which could be 
separately mapped. It underlies the county in a broad irreg-
ular band stretching from the northwest to the southeast as 
shown on the map. The area covered by the Augusta narrows 
somewhat towards the east. There is also an area toward 
AUGUSTA. 141 
the northwest where the Augusta has been cut out by pre-
glacial erosion and the Kinderhook is shown by well records" 
to under lie the drift. This is also true of Washington." These 
areas are, however, too imperfectly known to be represented 
On the map. 
The best exposures of the Augusta are seen on Crooked 
creek" northwest of Washington. The Eckles quarry section 
at this point has already been, given: Sections from the quar-
ries in this vicinity exhibit two facies: (1) a hard, heavily 
bedded, light gray to brown, sub-crystalline limestone, with 
abundant Burlington fossils, and (2) a buff, sandy rock con-
taining small calcite geodes. The main portion of the rock " 
belongs to the first type. 
Farther up the creek an imperfect exposure may be seen 
north of West Chester (Tp. 76 N. '. R. VIII W., Sec. 20, Sw. qr.) 
" where the presence of layers similar to those just described is" 
.sh()wn. In "the region a round Keota the limestone immedi-
ately underlies the drift and is usually en?ounteredat a depth 
of about· sixty feet. In the northern portion of Keokuk 
cou:nty the Augusta appears at one point on English river 
(Tp~77.N., R. IX W.,Sec.16). In -Washington county the 
mo~t northwesterly outcrop is at the Whits tine quarry near 
Dayton (Tp. 77N., R. IXW., Sec. 13, Ne. qr., NeiY. Thisis 
a small" local quarry located on the ridge between, English 
river and Smith creek. The following layers are shown. 
FEET. 
3. Limestone. buff arenaceous_ ________________________ 5 
2. Limestone, brown, coarsely crystalline, fossiliferous t 
1. Limestone, blue-gray, fine-grained, sub-crystalline, 
fossiliferous _________________________ ~------------ 4 
The fossils found at this point are Burlington forms, and 
in character the layers agree closely with those found at the " 
Eckles quarry. 
Directly southeast of.Wellman on Smith creek (Tp. 77 N., 
R. tx W., Sec. 24), similar layers are exposed in the bed of 
the' creek and have been quarried locally. The buff, 
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arenaceous layer is here only one foot thick; the white or light 
p.rab layers beneath are seen at intervals down the stream to 
the old railway quarry (Tp. 77 N., R. IX W:, Sec. 16), where~ 
~s already s.tated, they cap the Kinderhook with a thlckness 
of about four inches. East from this point the Augusta has 
not been seen along English river. Exposures, however, 
occur four miles south of Riverside on Davis creek (Tp. 77 
N., R. VI W., -Sec: 31, Sw. qr., Se. 1). The stone is seen at 
this pointin Wingler's quarry; a small opening supplying the 
local stone_tra'de.The rock i8 a white to light drab, coarsely 
crystalline, fossiliferous limestone, similar to that seen else-
where in the county. Only one ledge is exposed. This has a 
thickness of _ 3]-, _ tq4, feet and is covered by 20 feet of drift. 
The stone is exposed along the creek for a short distance 
only. About four miles still farther southeast similar stone 
is exposed on Goose creek (Tp. 76 N., R. VI W., Sec. 20). 
On the ridge. between Goose and Whiskey creeks the 
Augusta seems to have been eroded, and the Kinderhook 
immediately underlies the drift. Stone belonging to the 
Augusta formation is quarried in Louisa county at a number --
of points southwest of Columbus Junction on Long creek. 
As has been said, the Augusta is in this county a strati-
graphic unit. The divisions found elsewhere can not here he 
traced. The main portion of the stone shows -a closer affinity 
with the Burlington layers, though there are beds which con-
tain fos~Hs suggestive ?f the Keokuk and the Warsaw. 
The actual contact between the Augusta and the Kinder-
hook has been nowhere observed within the cou!l-ty, though 
such a contact was formerly exposed in the old railway qUftrry 
near Wellman. At one or two points on $mith creek yellow 
magnesian layers; answering in description to the Kinderhook, 
nave been penetrated in taking Augusta stone from the bed 
of the creek. There seems to be no doubt that the coarse, 
crystalline limestone of the Augusta rests directly upon the 
earthy magnesian rock of the Kinderhook without transition-
beds. The upper limits of the Augusta are even more poorly 
CROOKED CREEK SECTION. 143 
defined. On Crooked creek, between the outcrops of lowest 
Saint Louis and highest Augusta, a drift interval of nearly 
five miles intervenes; and there are no outcrops by which it 
may be bridged. As a result the line between these two for-o/. 
mations can only be drawn on the map approximately· and 
without detail. 
SAINT LOUIS. 
The rocks of the Saint Louis stage cover the southern 
and southwestern portions of the county. It will be seen 
from the ·Brighton section already given that they are com~ 
posed of limestones, brecciated beds, clay shales and sand-
o . 
stones. These different beds are shown more in detail in the 
following sections taken from a number of different points in 
the field. 
A section on Crooked creek, three miles south of W as~ng­
ton, at the crossing of the Wayland road (Tp. 74 N., R. VIr 
w., Sec. 5, Ne. qr.), gives the following. . -
FEET. INCHES. 6. Drift ______ -' _____________ -__________ ..:__ __ ____ 30 
5. Shale, biue to green, calcareous_-' ___________ , 4 
4. LiInestone, earthy, hrown ____ .------------- 10 
3. Shale, simila.r to No. 5 ____________ :.________ 3 
2. Limestone, earthy brown as above__________ 2 
1. Shale, imperfectly exposed to water ________ 4 
These' beds may be correlated with the beds below No.5 
of the Brighton section. They may be traced up the stream 
something more than a mile, and are exposed, though not so 
> perfectly, near the upper bridge (Tp. 75 N., R. VII W., Sec. 32, 
Sw. qr.). Down the stream they may be traced by freq1;i.ent 
imperfect outcrops on both sides, showing the presence of simi-
lar stone, though not apparently continuous with the layers 
given, nearly two miles. At one point (Tp. 74N., R. VIIW., 
Sec. 4 ?), the shaly member is seen to be covered by the 
usual brecciated beds, imperfectly exposed and rising thirty-
five feet above the stream. Around the big bend in the 
stream there are no exposures, the country being deeply 
cov~red with drift,. 
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Almost directly south' of the ,last mentioned exposure 
(Tp. 74 N., R. VIII W., Sec. 21, Nw.qr.) limestone is again 
found .on Crooked creek. The exposure' here shows: 
FEET. 
2. Shale, arenaceous, with thin bands of earthy lime-
stone ___ '_____ ____ __ __ __ __ ____ __ __ ______ ____ _____ _ 12 
. ' 
1. Limestone, heavily bedded, dark blue, fossiliferous; 
to ,water_________________________________________ 4' 
A mile or more farther down the stream is the following. 
FEET. 
, 1. Shale, blue, clayey and arenaceous; exposed-to 
water's edge _________________ '- _ .: _______________ ~ _ 12 
- . . 
About half, a mile east of Coppack, in a cut on the Burling-
ton & Western railway, the following section is exposed. 
FEET. 
4. Shale,. arenaceous, with interbedded sandy lime-
stone layers 2 to 4 inches thick, showing sUght, 
irregular deformations___________________________ 8 
3. Shale, arenaceous, green ___ :.: _______ .: __________ ' __ :. _ 12'·" 
2. Limestone, soft, eartby, red __ :-_____________________ 1 
1. Limestone, soft, earthy red; to track_ ~ _ _ _ _ _ __ _ _ _ _ _ _ 2 
The base 'of thi's section: is about fifteen feet aboye Crooked 
creek, -the interval not being well exposed ,but apparently 
being made up of beds similar to number 4 of the above 
secti.on. A quarter of a mile up the stream these beds are 
seen to be covered by four to five reet of lirrlestone, similar to ' 
that occurring in the brecclated beds, and with thin layers of 
oolitic material interbedded. 
With the exception of the limestone just mentioned, all the 
beds of these sections belong to the lower portion of the Saint 
Louis and are below number 5 of the Brighton section. ,,' 
In,the hill above the Coppack mill the beds of the brec-
eiated division (Verdi) appear. South of Coppack 90th these 
beds and the lower division (Springvale) are exposed at inter-
vals along the Skunk river. An excellent section* is exposed 
near the mouth of Crooked Creek (Tp. 73 N." R. VIr W., Sec. 
6, Nw. qr., Ne. 1) in Henry county. 
*M~a,swed by Mr. Arthur C. Spencer. 
:mXPOSURES NEAR COPF AUK. 
FEET. 4. ~Oess~~ _________________________________ ~ __ ~________ 15 
3. Sandstone arid limestone, irregularly alternating 
(Verdi beds}_______ ____ __________________________ __ 25 
.2. Shale, light blue,argillaceons (~pringvdole beds) __ 26 
1. ~imestone,. white, unfossiliferous; seen in bed of 
creek ________ . _______________ ~ _____________ ~ ______ .. . 6 
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BetweenCoppackand Brighton on the Skunk river there 
ar.e numerous points,at which the Saint Louis outcrops, but 
few good clear ~xposures occur because of the easy disinte-
,gration of the beds. Near a spring'in section 27 (Tp~74 N., 
<:~R. 'VIII'W.)"a':bhie'calcareo-u8 sb'ale isseen"at thene'ad of a 
,b~ndintheriver~,' 0itly a' foqt ~r two is exposed,lying'?about 
:, ~~n~~e~t ;:a~oy~,~:t~~:'.~at~r., •. ·, Above.·the ~~ale'~~e,f9ur,feet of 
tbin-beddyd, :fi'rie-:grained liriiestone, over . which , lie, 'sixteen 
~"f~e( at': irti,pefectly ."eip<!sed···liril~rock arid sand~tone.·· The 
'.; fQrni~li'ls'e~,rthy:,: a,fid. of': a brown .cblor~ "FeIiestella an'<i';other 
':':0 9S?yi~~:'~8~~!i~~Qcdur"tp, .1?locks of ,iimesto~~. ihth.~ tal~s~ The 
.... sl;tal~,:'&na:p(jssjbly a ",portion of the beds ab <?v'e , apparently 
-'r~pre~eri.t"the~Spril1-g-v.aIebeds, while the high~r'~beds·.prob-
',a$iy,~;bkio~g,td t.~e:;Vei:d:L:·. '., .~' " ". 
:' \:A's(:)~e~hat' si~l~r, ~h,o~g1i 'better~xposed,>'s,~cti6A,.oecurs 
'about:~mtle ,farther: up, 'the'stream (Tp: 74 N!,R. VIII W., 
'S~c~':2f'-, Nw~· ~qr:;~Nw~;i). . . 0, ,,' :' 
... _ ,: •• "'r.;' 
".1 :~ . FEET. 
~ .', 2 •. Slope,ta1usof brecciatedJimestone. and sandstone_~ 10.' 
." , .1. Shal~, 'bl~e, ~rgillac~ous, non~f.ossiliferous;to wat~r_ ,'12. >-
, '. . '. ~ '.' . . . .. 
Between the Brighton niill and the west county line, lime-
stone crops out at a number of points on Skunk river and its 
branches, but few good exposures are found. rrhe following 
section is 'one of the best. (Tp. 74 N., R. IXW., Sec. 9, 
Sw. q,r;). 
FEET. 
5. Drift________________________ _______________________ 15 
4. Limestone! hard, black, nodn~r ____ ~ _____ ,__ ____ ____ 2 
3. Shale, blue, calcare'(jus __________ ~_.,--------------- 4 
2. Limestone, hard, black, nodular____________________ '2 
1. Shale, blue, calcareous; to water___________________ 10 
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The entire,section may be'referred to the Springvale beds. 
The same beds are again seen above the wagon bridge in sec-
tion 9 (Tp. 74., R. IX W.) where the usual shaly beds are 
exposed for a thickness of twenty feet above the water. 
-,-~bout five miles north of Brighton, near Verdi station, the 
middle member of the Saint Louis is excellently exposed. , 
As seen here in an oldrailway quarry, it is made up of very 
irregularly interbedded limestone and sandstone. The lime-
stone is the usual fine-grained, ash-colored, compact variety 
FIG. 13. Irregular beds of limestone in the Saint,Louis; Verdi quarry. 
found in tl1e upper layers. In par,ts ,of the quarry the .. brec-
ciated phase of the rock is particularly well developed. The 
_ sandstone bands are as much as ftvefeet thick and !tre in part 
fine-grained and white, while in part, particularly in a bed at 
the top of the quarry, they are coarse' and red.' The quarry 
'abounds with apparent unconformities. Tl?-e ·sandstone rap-
idly thickens and thins and contains great blocks of the lime-
stone, occasionally as much as four feet long and six inches 
.. 
i 
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thick, standing at various angles, some as high as 30 degrees, 
such as is shown in figure 14. 
Since the origin of the brecciation in these beds is a matter 
not yet fully explained, it is of interest to note that at this 
locality all the phenomena seen are exactly similar to what is 
found now at the base of any high cliff on a sea shQre. 
In' Washington and· the neighboring counties the Saint 
Louis· has been differentiated into three members called the. 
FIG.H. Limestone block resting on sandstone bands; Verdi quarry. 
Springvale, Verdi and Pella beds. All three members of this 
series of beds occur in Washington county. 
The Springvale beds derive their name from the exposures 
near the old Springvale mill south of Delta in Keokuk county~ 
and form the lowest member of the formation. In.Washing-
ton they are most typically shown In the exposure on Crooked 
creek at the crossing of the Wayland road. in the section 
already given. Their lithological character is well shown in 
the various sections which have already been ·referred to 
t 
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them. It is noticeable that in this county the shaly charac-
ter becomes the more prominent, while to the west the 
division is more generally represented by brown, earthy lime-
stones. The maximum thickness is usually in the neighbor-
hood of twenty-five feet. Where the base can be seen the 
beds invari.ably rest directly upon the coarse, crystalline lime-
stone of the Augusta. 
The Springvale ,beds cover the entire southern portion of 
the county. In the middle eastern portion a few feet of thin 
yellowish limestone is frequently encountered in drilling 
wells. This is ~ever of any great thickness and immediately 
overlies the heavy limestones of the Aug~sta. 0lJ." Long 
creek near Ainsworth there has been quarried, on a small 
.. ~. " 
scale a stone which greatlyresembl~s the Springvale beds 
and not improbably represents an outlier~The, b~d~ are 
usually non-fossiliferous; the few:, forrnswhichhave been 
found are imperfectly preserved andaJ:'evalueless for pur-
poses of correlation. . r:rhe determination' of the~ge,. of the 
beds in tbis region must for tJ:m.·present rest upon their 
stratigraphic position alone.' The lowest portiOil.· of the 
~ ~" , .' '.-
formation· as seen at Brighton W(l;S, referr~d by ,Worthen to 
the "Argillaceous marlites of the Geode bed" * and the 
. layers above were correlated withthemagnesi3;npor~ion of 
the formation as exposed elsewhere., The onlyf()ssi~:noted 
by him was Lithostrotion aanCtden86 Cast., though it is not 
quite clear from which layer it was collected, nor does it 
appear upon just what decisive evidence bis correlation was 
based. 
Gordon has recently traced throughout southeastern Iowa 
a bed apparently occupying the same stratigraphic. po"'sition 
as the Springvale, and strikingly like it in lithological char- . 
acter. This formation he has called the Arenaceo-magnesian 
bed * and it is characterized by the abundant presenC2 of 
Lithostrotion aanadense. The affinities of the Arenaceo-mag-
nesian bed seem to be with the Saint Louis and to that 
* Op. cit., 243. 
* Geology of Van Buren county, Iowa Geol. Surv., vol. IV, p. 215, 1895. 
, 
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formation it is referred. It seems probable that the Spring-
vale beds' may be correlated with the Arenaceo-magnesian 
bed, though careful search has failed to reveal at any point 
the characteric fossil. 
The only fossils which so far have been collected from the 
Springvale bed came from limestones in the bed Qf the river 
at the Brighton mill, and in the bluff at the spring mentioned 
above as located some distance farther down the river. 
Apparently the. fossil-bearing limestone at the mill was not 
exposed at the time of Worthen's visit. 
None of the forms. found are sufficiently clear to allow a defi-
nite correlation to be based upon them. The close relation 
existing between the shale found along the Skunk river, in 
Washington county, and the arenaceous eartby limestone more 
generally present at the same horizon in Keokuk county, is in 
this region apparent. On Crooked creek, south of Washing-
ton, they are interbedded. In Keokuk county they pass by 
lateral transition into each other; everywhere it is evident 
. - v . 
that they belong together and are simply phases ofa variable 
sedimentation. ' 
This series of beds seems, in this immediate region, to be 
intimately related to the Saint Louis, and to that formation 
they have. been referred, while the possibility is recognized 
that ultimately it may be necessary to refer them in part to 
~ 
lower formations. In accordance with the usage of the sur-
vey, they have been given a local name, Springvale'- for 
immediate purposes.' 
The Verdi beds lie immediately above the Springvale. 
Their charactei' is sufficiently shown by the sections described 
and is particularly well exhibited in the old Verdi quarries 
from which they are named. It has been customary where 
this middle member of the Saint Louis has been differentiated 
to", refer to it as the brecciated beds. The name does not 
seem applicable for the rea~on that, while the brecciated beds 
occur in this formation tbeyare only one phase of it. In 
the counties lying farther west ofW ashington, the outcrops 
14G Rep 
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are morefreguently of alternating, layers of sandstone 
and limestone, as seen at Atwood and many other points in 
Keok-uk and Mahaska counties. The sandstones often become 
very important. At points in. southeastern Mahaska county 
single beds are twenty-five to thirty feet thick. The brecci-
ation, while usually present, is not always found, and at 
many points, well-bedded limestones of considerable thick-
ness ocur. 
The Verdi contains the record of· a time of considerable 
.'. disturbance. Shore formations and open sea deposits succeed 
each other in rapid alternation. Huge blocks of the previ-
ously-formed limestone were torn from their beds and buried 
in the sands, apparently at the foot of a series of cliffs; or 
they were beaten upon each other and reduced, in part, to 
fragments of varying degrees of coarseness, and in part to 
finest powder that ,eventually cemented the fragments 
together. Considering the turbulent conditions under which 
the beds were formed, it is not strange that fossils are rare.' 
SU'ch as occur are found usually in the limestone and are the 
brachiopods and kindred forms which become so prominent in 
the succeeding quieter times when the Pella beds were 
deposited. The reference of the brecciation in the formation 
to coral-reef structure is untenable by reason of the practical 
absence of corals in the region studied. The very fewspeci-
mens collected from these beds were found in the compact, 
limestone and belong to species which are .most:a;buridant 
in the succeeding strata where there are no signs of breccia-
tion. Furthermore, they are not reef-forming species. 
The Pella beds form the upper member of the "Saint Louis, . 
~ 
and are marine deposits made in the quiet waters succeeding 
the stormy Verdi. They have only been preserved from ero-
sion in the immediate neighborhood of Brighton, in the bot~ 
tom of what is probably a broad, shallow synclinal. They 
are well represented in the quarries, and the stone taken out 
here comes from these beds. As elsewhere, they consist of 
compact, fine-grained, ash-colored limestone, breaking with a 
COAL MEASURE SANDSTONE. 151 
distinct conchoidal fracture, and lying in ledges separated by 
thin beds of clay marl" completely filled with fossils. The 
stone is itself fossiliferous, but only sparingly so as compared 
with the interbedded clays. The fauna found is not so notice-
able for the large number of spedes as for the abundance of 
individuals. 
UPPER CARBONIFEROUS. 
The beds of the Upper Carboniferous series occupy but a 
small portion of the county and belong entirely to the lower 
division or Des Moines formation. 
DES MOINES. 
The deposits of this stage within the county occur in the 
"form of small outliers. The only one which has yielded coal 
to any extent is about one mile west of Verdi. A" section of 
" the strata here, as exposed at" the time of Worthen's visit, 
has already been given. A quartzose ferruginous sandstone, 
"red to yellow in color, is found on Goose creek (Tp. 76 N.", R. 
VII W., Sec. 21), lying above the Kinderhook. It is probably 
of Des Moines age. A similar stone is found on Davis creek 
over the Augusta. 
On Whiskey Run (Tp. 76 N., R. VI W., Sec. 34, Ne. qr".) , a 
thin coal seam occurs and was at one time mined a little. It 
varied in thickness between six and twenty-two inches; it 
was covered only by drift and apparently rested on clay. In 
" " 
some of the wells near here a sandstone similar to that on 
Goose creek has been encountered, though it apparently does 
not occur at the old mine workings. A similar sandstone has 
been reported as occurring near Wassonville, and clay shales 
similar to the" slate" of the coal regions have been reported 
from Clay township about· two and one-half miles west of 
Brighton. 
'" It must be remembered that this region suffered pro-
round erosion both previous to the deposition of the" coal 
measures and during later periods. The fust erosion trenched 
the surface deeply and prepared a series of basins for the 
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subsequent deposition of the coal. Later the coal meas-qres 
were cut away except only inthe most favored of these pre": 
viously formed basins~ It may even perhaps be doubted if 
the coal-bearing strata ever covered the whole of Washington 
county. Certain it is that they now cover only a very .small 
fraction of the territory. Whether this is altogether the 
expression of the profoun~ erosion to which they have been 
subjected, or whether it is in part the expression of the orig-
inal conditions of deposition is not known. There are some 
reasons for the belief that the outliers between the main por~ 
tion of the Iowa and Illinois field were developed in &mall 
independent basins. 
PLEISTOOENE. 
The Pleistocene deposits of Washington county include the 
Kansan drift, the loess, certain stratified gravels and sands, 
and the modern alluvial deposits. Together. they form a· 
mantle of unconsolidated beds which spread over and very 
l~rgely conceal the indurated rocks. The thickness of this 
mantle varies from nothing to as much as 350 feet. The mini-
mum is found only along lines of pr:esent drainage, while the" 
maximum marks lines of former stream action. Over the 
smooth, upland drift plains the depth to rock is not always 
the same. Near Keota it is usually about sixty feet,this, 
seemingly, being less than usual. Near Weilman rock has 
been encountered at a depth of about eighty-five feet. The 
drift covering the plain around Wyman has been penetrated 
by numerous wells. Usually the rock is encountered at a 
depth of seventy-five to 100feet. The Edward Umphrey well, 
on a level with the railway station, is120 feet deep, with 100 
feet to rock The Uriah Beachman well, west ·of town, is 180 
feet deep, with 100 feet to rock. Near Havre the drift is 
sixty-five feet thick. Northeast of Washington, within the 
limits of the Washington channel, the drift is more than 300 
feet thick. N ear Crawfordsville a well 70 feet deep failed to 
reach the indurated rocks. 
l . 
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KANSAN DRIFT SHEET.· 
The drift plains of the county are covered by a very few 
feet, two to six, of "overwash" loess-like material. Below 
this are the heavy till beds of the Kansan drift. There are 
here, as elsewhere, two phases of dirt. The upper is excel- . 
lently shown on Williams creek, on the north side of the 
stream, at Wayland crossing.· It is a deep, reddish-brown 
color, and contains numerous pebbles including large quanti~ 
ties of local material. The rocks are very frequently· suban-
gular and planed. A large proportion are striated. Grallitic 
types are co~mo·n, though greenstones are not infrequent. 
All of the material, with the exception of local chert pebbles 
from the Augusta, is badly weathered._Large boulders are 
ilOt present. The only noticeable exception is a light-gray 
granitic boulder, two and a half feet in diameter, lying at the 
foot of the hill. 
North of this exposure between Wayland crossing and 
Washington, the streams have frequently cut into the drift. 
It is quite uniformly of the character just described; at some 
points the color is a bright ;yellowb~neath the reddish~brown. 
At one point (Tp. 74 N.,R. VII W.,Sec. 27, Ne. qr.), small 
lime concretions were found in the till; at the same point the 
underlying blue clay in a weathered condition is exposed. 
South of Riverside on Goose creek (Tp. 77 N;, R. VI W., 
Sec. 35), the blue clay is shown in a much fresher condition; 
it is here sharply separated from the yellow clay as shown in 
the following section: 
FEET. 
3. Sand, coarse, yellow, alternating with fine graveL_ 25 
2. Yellow clay with pebbles ______ . _____________ .~-------
1. Blue clay, plastic, few small pebbles________________ 12 
The contact between the two clays is here marked by a 
row of springs. The presence of the heavier blue clay 
throughout the county is attested by well borings, though the 
clay is not frequently seen at least in a fresh condition in 
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exposures. Its relation to the yellow clay can not be defin-
itely stated further than that it is always beneath, and shows 
considerable difference in the variety and character of the 
contained pebbles. The two clays evidently represent quite 
different conditions of deposition, but it does not seem clear 
that they must be referr~d to two separate ice.sheets.·. 
Nowell ~efin~d ~orest bed which can be traced from point 
to point has been found. In the Washington well pieces of 
wood and twigs.of tree~ wer.e.encounteredat a depth of 115 
feet. Among the remains were a few small cones of the spruce 
Abies niqra. The significance .of these facts, however, as 
indicating a well defined forest bed, is impaired by the fact 
that the Washington well did not go through the normal 
undisturbed drift sheets, but rather encou;ntered an unusual 
phase of .the drift. . 
.Above the yellow clay at the Goose creek exposure is a 
series of stratified sands· and gravels. Similar beds were at 
O1=!-e time. exposed in a shipping at Brighton. Here they 
rested directly upon the limestones and were covered, appar-
ently unconformably as shown in figure 15, by loess-like mate-
rial. The age of these sand beds is open to doubt. . 
FIG. 15. Subcloessial sands; WaShington. 
The loess-like 'material found at Brighton is of no great . 
thickness, and ~pparentlymerges above into black soil and 
below Into pebbly clay. It should probabiybe looked upon as 
of different origin from the more typical loess found in other 
parts of the state. In the Martin quarry a section of the 
drift deposits shows the following phases. 
. FEET. 
5. Soil, black, fine ____ -- ___________________ .__________ t 
4. Clay, gray, loessial _______________ ~ _____________ 2 to 2t 
LOESS. 
FEET. 
3. Clay, yellow and gray irregularly mingled, sandy 
in part; small pebbles throughout, upper and lower 
limits more distinctly gravelly; larger erratics 
more frequent at the base _______________________ 14 
Unconformity. 
2. Clay, purple to brown, full of Saint Louis fossils 
and limestone blocks __________________________ l to 3 
1. Limestones, Saint Louis _________________ . ________ 4+ 
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The clay found here immediately above the limestone is 
very similar to the clays and marls found in the upper layers 
of the· Saint Louis upon which it rests. It has, however, a 
. much darker color, and may, perhaps, be not improperly con-
sidered as being to a certain extent residuary in origin. It 
cannot be of glacial origin since it never c~mtains foreign peb-
bles, and under it the limestone shows no marks of glaciation, 
though where it is absent such marks are found. The pebbly 
clay lying above it represents well the general character of 
. the yellow clay. It shows a more or less complete merging 
into the loess clay above. 
Glacialstrire have been noted at two poin~s in the county. 
The first of these is at Brighton, where they appear upon the 
upper surface of the Saint Louis limestone. The striations 
are frequently half an inch deep and ten feet or more long. 
They take the directions (corrected) south 4° east and south 69 
east. One shorter irreguhtr groove varied from south 6° west 
to south 4° east. It was not so well marked as the <;>thers. The 
planing action of the ice is even better shoWn in the Eckel's 
quarry on Crooked creek, where, in 1894, a surface was 
exposed showing characteristic ice planing. The direction of 
the ice planing at this point. was south 67° east (magn6tic). 
THE LOESS. 
While the true nature of the loess-like material occurrmg 
..at Brighton is open to some doubt, there are many exposures 
in the county which show material which can be definitely 
correlated with the 10es8 of the counties farther north. 
Indeed the loess of J QhD.~on county may b~ directly traced 
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from the thick fossil-bearing beds at Iow~, City south into 
Washington county. Along English river and indeed over 
the greater portion of the county the loess is normally found 
veneering the earth forms cut into the drift . before its 
deposition. 
The loess of Washington and neighboring counties shows 
important differences from the loess of the Missouri river. It 
is not porous, but rather the opposite. It does not stand 
long in vertical faces, but crumbles readily; it is stiffer, more 
plastic, freer from li:J;lle concretions, and while better adapted 
for use in the clay industry, is not so good a soil material. It 
apparently bears definite relations to the Iowan ice of J ohn-
son county and probably represents fine water-laid material 
washed out from the front of the ice. It is not improbable 
that it has been in some regards modified since laid down, and 
because of this possibility and on account of the wide differ-
ence between it and more typical loess deposits it has been 
previously spoken of as the" altered loess," a name which is 
perhaps not strictly applicable on account of implying too 
much. 
THE ALLUVIUM. 
Alluvial deposits have been developed along the major and 
most of the minor streams. They are of the usual black loam 
character and resemble in appearance the black soil of the 
'" drift plains. 
Geological Structure. 
The general geological structure of the county is simple. 
The rocks have a slight prevailing dip to the southwest~and 
have been practically· undisturbed. No regular series of 
anticlinals, similar to those traced in neighboring· counties, 
has been found. "\Vith the exception of one very broad, shal-
low synclinal the rocks follow the prevailing dip. There' are, 
however, two great erosion unconformities and one overlap 
}rnown. The l::Ltter exhibit:;; no m~rked signs df up-conformity. 
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CROSS SECTIONS. 
Skunk River Section. (Plate iii, figllre 1. )-The section 
along the Skunk river is valuable in showing the general 
absence of all undulations in the strata. A short distance 
west of the county line the Augusta is exposed above the 
ri ver at Manhattan mill, a thickness of forty feet being shown. 
These beds do not, however, appear at any point along the 
Skunk river in Washington county, though the lowest member 
of the Saint Louis is exposed along the entire distance, and 
the Augusta can not be very far below the level of the water. 
Brighton lies in the ba<se of a very broad and very shallow 
synclinal to which fact may probably be due the preservation 
there of the Pella beds, while the underlying Verdi forms the 
surface exposures over so much of the county both west and 
north. The preservation of these beds is also largely due. to 
the local thinning of the Verdi, allowing the Pella to be 
deposited at a level considerably below its outcrops else-
where. 
Ootters to Keota. (Plate iii, figure 2.)-A, section made 
along the line of the Chicago, Rock ~sland & Pacific rail-
way, from Cotters to Keota, shows excellently the variation 
in the topography produced by stream action. The abrupt-
ness of the change from upland to stream bed is greatly dis-
guised, since the railway necessarily follows the easiest grade. 
That the upland forms one general plain is, however; evident. 
The level country from Keota west to Crooked creek, is 
indicative of the small amount of erosion accomplished by 
the tributaries of that stream since, for the greater part of 
the distance, the railway is within a mile of the main stream. 
Briqhton to Washinqton. (Plate iii, figure 3.) - On the 
line from Brighton to Washington the deep channels of the 
Skunk river and Crooked creek are crossed as well as the 
higb lands between thef;le streams. 
Enqlish Ri'ver Section. {Plate iii,_ figure 4.) - The b~st 
east and west section across the county is exhibited by the 
expo~ure~ ~19ng English river. This doef;l not, however, ~how 
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very well the dip of the strata as it runs at only a slight 
angle with the strike. South of Riverside the Maple mill 
shale of the Kinderhook is seen to be covered by the Wasson-
ville limestone. At Kalona, the English river gritstones begin 
to intervene. At Maple mill they attain their maximum 
thickness. At Wassonville they have thinned and largely 
passed beneath the river, while the Augusta appears over the 
Kinderhook. Two miles west the strata are cut out, and there 
intervenes a broad, deep valley filled in with drift. Some dis-
tance beyond, the Augusta again appears. 
EXPLANATION OF PLATE III. 
Geological cross-sections in Washington county. 
Figure 1. Skunk river section (a-b). 
Figure 2. Cotters to Keota (c-d). 
Figure 3. Brighton to Washington (e-f). 
Figure 4. English river section (g-h). 
The numbers refer to the formations as follows: 
Drift ____________________________________________________ . ___________ . ___ 8 
Saint Louis-
P ella beds _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 
Verdi beds ________________________________________________________ 6 
Springvale beds _ _ _ _ _ _ _ _ _ _ _ _ .. ______________________ ~ ______ ~ _ _ _ _ _ _ _ 5 
. Augusta ___________________ ;__ ____ __ _ _ __ ______ _ _ __ __ _ _ __ _ _ _____________ 4 
Kinderhook-
"VVassonville limestone ________________________________________ ~ ___ ·3 
English river gritstones _____________________ : __ --- ________________ 2 
Maple mill shales _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
~ DEFORMATIONS. 
No deformations of any importance occur within the county. 
The series of small parallel undulations which are so well devel-
oped in Keokuk county,and which show traces in :Nlnhaska 
county, can not be recognized in this area. This is more inter-
esting as the series show a gradually increasing intensity toward 
the east. Apparently the culIllinatiou was reached in the'Man-
h~ttan ~:Q.ticlinq,l. 
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UNCONFORMITIES. 
UNCONFORMITY BETWEEN DRIFT AND INDURATED ROCKS. 
The general unconformity between the indurated rocks 
and overlying unconsolidated beds is particularly well ~hown 
in this county. Just what had been accomplished by the pre-
glacial streams in their efforts to base level the country is not 
definitely known. A reasonably even surface of rock seems 
to underlie the drift at a present elevation of 700 feet. At 
Keota it is 743 feet which seems higher than usual. If, how-
ever, such a surface at one time obtained there is abundant 
evidence that at some time preceding the ice age, probably 
but a short time before, it was elevated and attacked by vig-
orous erOSlOn. Calvin in 1888 called attention to the remark-
able thickness of drift a~ Washington and interpreted it as 
e'vidence of a preglacial channel. . The drift here is 350 feet 
thick, and the channel in which it lies is cut down nearly through 
the Kinderhook, or 285 feet below the nearest outcrop of lirne-
stone at Eckle's quarry on Crooked creek, and 324 feet below 
the higher limestone farther west. The width of this old val-
ley, which has been called the Washington channel*, is not 
however known. 
~ 
In the northwestern corner of the county similar evidence 
of . profound erosion is found. The valley of English river 
here shows a remarkable expansion on its southern side. The 
ri ver has built up a flood plain south of the river a illile and 
. one-half wide for a distance of nearly six miles; On the 
south this plain is bounded by gently rounded hills of drift, 
such as are more common on the northern side of this stream 
elsewhere, rising sixty to seventy-five feet above the flood 
plain, or to an altitude slightly below BOO feet. At its east-
ern limit the plain is abruptly cut off by sharp-contoured 
hills of rock capped by drift. Similar phenomena are seen on 
the" northern side of the river, but are not so noticeable, and 
the limits of the expansion-jn the valley appear a little west 
of that described. It was not a surprise to find here th~t 
*Proc. Iowa Acad. Set, vol. II, p. 23. Des Moines, 1895. 
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borings on the hills south of the river had failed to reach 
rock, though carried to depths of 170 to 212 feet, or more 
than 100 feet below the water level of the stream. There is 
an old channei here which has cut down at least 150 feet into 
. the rock and probably much deeper. Near Deep River in 
Poweshiek county, northwest of this point, a channel has 
been located cutting 250 feet below the level of the adjacent 
rock. 
Southeast from Washington evidence of this channel is 
again seen. It has been noted that on Crooked creek there 
are no exposures of rock close to the great bend north of 
Noble, while west of the bend the exposures begin to appear 
at about the same point on both the upper and lower co~rses. 
N ear the bend the deepest borings carried on, some going to 
a depth of 200 feet, fail to strike rock, though carried much 
below the nearest outcrops and much below what can be fairly 
attributed to any filling in by the present stream. . 
In the counties still farther southeast there are traces of 
similar channels, but as yet the one found in Washington 
county has not been connected with them. The location of 
the Washington channel is approximately shown in the sketch 
map of the drainage of the country. (Figure 9.) 
The depth of this ancient channel gives a measure of the 
amount of the elevation of this region preceding the ice 
period. It has been exactly measured at Washington only, 
where the stream had cut down to 419 feet above present sea 
level. The exact figures at Deep River are not known, but 
they evidently agree quite closely with these. In Des 
:NIoines county, near Rossuth~ a buried channel- has been 
encountered which was believed to have cut down to 274A. T. 
More recent evidence renders it probable th~t these :figures 
may not be quite reliable. 
It has been. shown by Gordon*" that, preceding the ice inva-
sion, the Mississippi had cut down to about 350 feet above sea 
level in the region near Keota. Into that river the stream 
*IQwa Geol. Sllrvey, VQ1. III, p. 2i8 .. 1895. 
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following the Washington channel probably flowed. The 
small" amount of fall which it must have had between these 
points accords -well with the equally slight grade between 
Deep River and Washington, and indicates that the stream, 
when it was overwhelmed and buried, was engaged in Widen-
ing its channel. This agrees well with th e surface indica-
tionsof a considerable width near Wellman, though there is 
some reason for believing that near Deep River the valley 
could not have been wide. A glance at the-sketch map will 
show that the present drainage has no close connection with 
this ancient system. English river flows directly across it 
while Crooked creek, after reaching its former channel, turns 
abruptly aside and attacks the hard ledges of the Saint Louis. 
-
UNCONFORMITY BETWEEN THE DES MOINES AND SAINT LOUIS STAGES • 
. The unconformity between the coal measures and the 
underlying rocks, which has such weighty economic import in' 
the counties to the west, loses here its significance. The 
general absence of. the coal measures is due, perhaps, most 
largely to the vigorous erosion succeeding the period of depo-
sition.The erosion' occurring in th.e long period between 
coal measure deposition and the ice invasion cut down far 
below the previous plane of drainage, and, while the erosion 
between the close of the Saint Louis and the beginnjng of the 
co~l measures must have largely inftuencedthe deposition of 
these beds, their probable originally limited extent, and sub-
sequent almost complete removal, reduce greatly the relativ~ 
importance of the pre-coal measure erosion. 
UNCONFORMITY BETWEEN THE. SAINT LOUIS AND AUGUSTA. 
White* in 1870 ca,lledattentionto·the overlap of the Saint 
Louis upon the underlying rocks. It is of some interest to 
study this question in Washington county, as it must have 
Been about here that the retreat of the sea southward was 
checked and the advance pf the line to the north began. As 
has been shown, in Washington and Keokuk counties . the 
*Geology of Iowa, yol. II, p. 225. 1870. 
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Keokuk is not recognizable as a distinct formation. It has 
bec~me so merged with the Burlington that its distinctive 
characters are ·lost. The greater portion of the Augusta 
seems more closely related to the Burlington, though at a 
few points Keokuk forms are found .. 
Over the Augusta lies the series of shales which show 
everywhere close stratigraphic relations with the Saint Louis. 
Between these shales and the Augusta limestone there are no 
certain evidences of unconformity, though at the contact near 
Ollie in Keokuk county, certain obscure phenomena might be 
so interpreted. 
In the Brighton sectionLhe lower member shows close 
relations with the Saint Louis, and yet the fossils while 
obscure, have a Keokuk facies. On the whole it seems now 
. probable that in this region there is nounconiormity of ero-
sion, but rather that sedimentation was continuous, though 
very slight; during the time that the main p()rtion of the 
Keokuk and what has been called the Warsaw were being 
. deposited farther south. 
ECONOMIC PROnq.CTS. 
COAL. 
As has been shown, there are at present no productive coal 
areas in the county, though in the past two at least have 
. . 
yielded supplies of the much coveted mineral. All the known . 
coal territory in the county has been worked out. While it is 
possible that other outliers may occur, .. the probability is 
hardly great enough to warrant prospecting. The discovery 
of such beds, if they be present, must be left to chance. ·So 
far, the small outliers seem to have cost~s much as they 
have been worth. The reported presence of coal measure 
sandstone near Wassonville led to the sinking of· a shaft 
eighty feet deep, in part through the Augusta. Slightly bitu-
minous shales probably belonging to the Kinderhook were 
.encountered. Altogether a considerable sum has at various 
KrNDERHOOK SHALE. i63 
times been spent in this county in prospecting, with practi-
cally no return. 
Even if the coal measures ever covered any considerable 
portion of the county,. a conclusion not wholly free from 
doubt, the very great erosion to which the area has since 
been subjected precludes the possibility of more than limited 
outliers remaining. 
CLAYS. 
CHARACTER AND DISTR[BUTION. 
Of the five formations exposed in this county three, the 
Kinderhook, the Des Moines, and the Pleistocene, may be 
considered as clay producers. At present the latter fur-
nishes all the clay u:sed.-
., The lowest formation exposed within the county is the 
Kinderhook. Its distribution and the divisions of which it is 
composed have already been given .. Of the three divisions 
present, the lower, or Maple mill shale, is the only one 
important as a clay producer. This shal,e exists in large 
quantities and is at several points conveniently located for 
• 
working. It is suitable for both paving and building brick, 
and probably could also be used for sewer pipe when wisely 
mixed with other clays which are more highly refractory and 
which have a lower shrinkage. . 
. 130 far as known, the formation resting upon phe Kinder-
hook, the Augusta, does not yield clays of any value within 
the limits of Washington county. The Saint Louis, which in 
turn overlies the Augusta, is not usually a clay producer. In 
the southwestern part of this county the middle and lower 
portions of the formation contain some shale, though, so far 
as observed, it has too large a proportion of sand and other 
impurities to be available. 
.. The coal measures, which farther west and south furnish 
such a variety and abunq.ance of clay shales, are here almost 
entirt=lyabsent. As yet but three small outliers have been 
located. These are three miles west of Brighton (Tp. 74 N., . 
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R. IX W., Sec. 27), one mile west of Verdi (Tp .. 74 N., R. VIII 
W., Sec. 4) and five miles northeast of Ainsworth (Tp. 76 N., 
R. VI W., Sec. 34). At each point the formation has been at 
some time worked for coal, at which time the presence of the 
usual fire clay was demonstrated. These deposits are not 
now of any economic importance. 
All the clays at present used are derived from the later or 
Pleistocene deposits. Alluvium, loess and drift are here 
present and available. The drift is made up largely of 
pebbly clays in" two well. marked divisions...,-an upper yellow 
clay, and a lower blue clay. The latter is freer from impur-
ities and better adapted for use, though hardly likely ever to 
be of much value in this connection. The loess deposit 
described elsewhere is found covering nearly aU, the county; 
it is the clay most largely used at present and differs in no 
regard from that in a;'djoining counties, showing the same dis-
position to check upon drying. The alluvium is as usual 
developed along the large streams. In the valley of English 
river it seems to be closely connected with the loess. 
CLA Y INDUSTRIES. 
KALONA. 
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RIVERSIDE. 
R. L. Swift & Company operate works located in the valley 
of th~ English river south of town. The clay used, which is 
carted from a neighboring field,. seems to more nearly resem-
ble the loess than alluvium. It is run through a Brewer 
crusher and moulded on a Brewer No.6·, new style, side-
delivery- machine. The ware is dried in . part under open 
sheds, and in part in a steam-heated dry house which has a 
capacity of 22,000 brick, and in which the moisture is driven 
off in forty-eight hours .. Two round and one oblong down 
drafts, and one cased kiln are used. Coal slack is mixed with 
the clay-two-thirds of a bushel to 1,000 brick, and a consider-
able saving in the cost of burning is ther~by effected. 
" WASHINGTON. 
James Eckels owns a tile factory four miles northwest of 
Washington. This factory has been in operation several 
years. The loess is used, being moulded on a' Brewer 
machine .anddried under closed sheds. Considerable care 
must be exercised in drying to avoid cracking. The ware is 
burned with wood in a single kiln. ' 
TheF. W.SWift plant is'located in the southwestern part 
of Washington. The common altered loess clay is used; it is 
run through a Brewer crusher and moulded on a Brewer side-
delivery machine. The brick are cut slightly curved so that 
. in drying they become straight. Closed sheds' are used for 
summer drying, but for winter use there is a large dry hquse 
. having steam pipes under the floor. The clay checks as 
usual and must be dried slowly .. In burning, three round and 
one 0 blongdown draft, and two patent up draft kilns are used. 
Both brick and tile are made. 
BRIGHTON. 
Andrews ·Brothers formerly manufactured brick and tile at 
Brighton, using the loess and having a well equipped plant. 
Work has not been carried on since 1893. 
15 G Rep 
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WAYLAND CROSSING. 
The plant of the Morris Brick, Tile & Lumber Co. is located 
directly north of the station in the valley of .Williams creek. 
The section of the pit shows: 
FEET 
5. Soil, black _____ -_ - --_ ---- - - - --- - -- - -- - --- - --- -- - -- - - t . 
4. Soil, ash-colored______________ ______ __________ ______ 2 
3. Gumbo______________________ ______________________ 2 
2. Clay, yellow, some pebbles ______________ ~_ ______ _ 4 
1. Sand, yellow ____ -- _______ - -- - - --- - --- ---,-- -- -- -- -- -
The clay is moulded on a Kells & Son machine, dried under 
closed sheds and burned in two cased kilns. The plant is 
new. No tile has yet been made, although the manufactur_ed 
brick show that the clay might readily be used for this pur-
pose. 
. WAYNE. 
The Brown Brothers' tile factorv is situated in the west 
., 
half of section 34, Crawford township, about a mile and a 
half north of Wayne, a station on the Burlington & Western 
railway. Ware was first made on a Penfield plunger, then a 
No.5 Brewer was put in and recently a No.6 A of the same 
make has been substituted. The material is run throug~ a 
Bennett smooth-roller cfusher. Heretofore the output has 
been exclusively drain tile from threes to eights, but to meet 
an urgent demand the firm recently turned attention to the 
pr.oduction of brick. The clay used is a yellowish-red loess-
Hke deposit, from two to five feet thick, and a blue drift clay 
of the same thickness. This grades into a more sandy clay 
lying above twenty feet of quite hard sand. Thy exhaust 
steam pipes run under the dry shed floor and assist in drying 
the green ware. Checking occurs when any considerable 
portion of the blue clay is used. Tightly closed sheds are 
used to prevent this loss. The yellow clay is ord!narilypref-
erable on account of the ease with which it is handled. Two 
round down draft kilns are used in burning and from three to 
four days are required. 
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- BUILDING STONE. 
Stone of suitable quality for building purposes may be 
obtained from anyone of the three major geological forma-
tions. The sandstone of the Des :Moines formation is not 
altogether unsuitable, but its limited quantity throws it .out of 
consideration. 
SAINT LOUIS. 
The Saint Louis affords the greater portion of the stone 
, now taken out. The ledges quarried belong to the upper por-
tion, and the stone presents the usual lithological characters 
which mark it throughout the region. The sandstone of this 
formation is not now used, though at the old railway quarries 
-n~ar Verdi some was atone time taken out. It is, however, 
too irregular in bedding to be of value fur anything but bal-
last, and is too soft to be of much value for that. 
The limestone of the Saint Louis formation are mainly 
quarried in the vicinity of Brighton. It is here covered by 
from two to twenty-three feet of drift, below which there are 
two ledges, quarried principally for bridge and dam rock, and 
two of which furnish paving flags. Below these latter layers 
are the heavy beds once worked in the old Chicago, Rock 
Island & Pacific railway quarry. These lower ledges are 
more or less water cou,rsed, frequently badly so. It was this -
difficulty which led to the abandonment of the quarry. 
- . The vicinity of Brighton affords a number of openings. The 
Faber quarry, on the west side of the Chicago, Rock Island 
& Pacific railway, immediately north of town, shows the f.ol-
lowing layers: 
FEET INCHES. 
6. Stripping;.drift _______ ~ ___________ 5 to 17) 
Calcareous marL _______________ 2 to 4 
5. Shell rock _'-___ ________ ______ _ ______ __ 8 
4. Bridgestone _____ ~ _____ ~ _____ . ________ 3 
3. Bridge stone ________________________ 1 11 
2. Paving flags and rubble stone _________ 3 
1. Paving flags an~ rubble stone__________ 3 
The Martin quarry, on the opposite side of the railway, 
shows slightly different thicknesses .. 
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FEET. INCHES. 
6. Stripping: DrifL _____________ c _____ 23 
Calcareous marls 8 inches to_ 2 
5. Range and rubblestone______________ 8 
4. Bridge stone _________________________ . 1 8 
3. Bridge stone __________ c _____________ • 1 6 
2. Paving flags______ _________ 3 
1. Pa;ving flag-s ______________________ _ 3' 
This quarry is worked principally for the bridge stone, and 
supplies considerable quantities for railway use. Equivalent 
ledges are worked at a number of neighboring points. The 
Morris qual~ry is immediately south of the Martin. The 
Wood quarry is one and a half miles east; the Lloyd and 
Emery the same distance northwest of town (Tp.74 N., R. 
VIII W. Sec. 28, Nw. qr., Ne. t),and the Slater, two miles 
northeast (Tp. 74 N., R. VIII W., -Sec. 28, Nw. qr., Ne. i). At 
the latter point. the stone is shipped by means ofa switch 
from the Burlington & Western railway. Both compact and 
finely brecciated layers are represented at the quarry; the 
ledges being six to twelve inches thick. The output is small. 
The stone quarried in this region is fine-grained, compact, 
breaks with a conchoidal fracture, and is of. a pleasing ash-
gray color. It is of fairly good quality but limited in quan-
tity, as only the few ledges noted are workable. Below, are 
the disturbed beds of the Verdi. Formerly the stone was 
burned, and made·a clear-whit~, mild- lime. No stone is now 
used for this purpose. 
Near Verdi, S. -Richardson operates a local quarry (Tp. 74 
N., R.VIII W., Sec. 5, Nw. qr., Ne. i); also in the Saint 
Louis. The old railway quarries, near this place, have been 
long since abandoned. ~ 
About three miles southeast of Washington on Crooked 
creek is the Jacobs quarry at which stone is t~ken from the 
lower or magnesian portion of the Saint Louis (Springvale 
beds). This quarry is worked for local trade only. In the 
southeast portion of the county there are no quarries, though 
tone is obtained in the adjoining portion of Henry county 
north of Winfield. 
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AUGUSTA. 
The Augusta formation furnishes the· best quarry stone 
obtained within the county and to it must any great expan-
sion'in the quarry industry he due. This stone is well shown 
in the Eckels quarry section, already given. In. addItion to 
the Eckels quarry there are two similar openings in the same 
vicinity which supply rock. These are the Thompson (Tp. 75 
N., R. VIIIW., Sec. 2, Sw. qr.) and,the Humpston. 
In the Thompson quarry there is an exposed face of about 
six feet. The stone is a hard, heavy bedded, light gray to 
brown, suh-crystalline limestone with abundant fossils. In 
the Humpston quarry the rock is,at least in part, coarser. 
It is interbedded with a poorer grade oTbuff sandy stone con-
taining small calcite' geodes .. Chert bands run through the 
rock at both points. This group of quarries supplies consider-
able stone for local trade; nearly all the foundation stone at 
Washington coming from here. N ear Dayton (Tp. 77 N., R. 
IX W., Sec. 13, Ne. qr., Ne. t) there is a smaU quarry in the 
Augusta. At this openIng, the Whetstine quarry, the follow-
ing layers.occur. 
FEET. 
3. Limestone,buff, arenaceous. _______ c_ .• __ ~----.--- 5 
2 .. Limestone, hrown,coarse, sub~crystalline, fossilifer-
ous ----. ________ . _____ ~ _______ '_ ______________ . t 
1. Limestone, blue to gray, finely sub-crystalline,tos-
silHerous. __ . ___ " __ ~-~~ __ .~ ______ ~------- _ __ _ __ 4: 
This stone very closely resembles that found in the Crooked 
creek quarries. . Similar stone has been taken from the bed of . 
S:ruith creek immediately southeast of the Wellman; and 
extends down the stream some distance. It hasheen opened up 
at several points. The Augusta is also quarried at the Wing,- . 
ler's quarry Qn Davis creek south of Riverside (Tp. 77 N., R. 
VI W., Sec. 31). The ledge opened upis three and one-half 
:..to four feet thick arid covered by twenty feet of drifti 
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KINDERHOOK. 
The upper· magnesian layers of the Kinderhook (Wasson-
ville limestone) are available over a part of the county but 
are not extensively quarried. South of Riverside; stone has 
been taken from these layers and used in the construction of 
a mill (Tp. 77 N.; R. VI., Sec. 18, Sw. qr.) and the beds have 
also been opened upa little for local purposes on Goose creek 
(Tp. 77 N., R. VI W., Sec. 21, N. t). Southeast of Wellman 
(Tp. 77 N., R. VIII W., Sec. 16) the Burlington, Cedar Rapids 
& Northern railway formerly quarried considerable stone. A 
working face 150 feet long was opened up. 
Near Wassonville there are many local quarries which 
obtain stone from these layers. Immediately at the mill is the 
Yoder and Pfeil quarry from which stone was taken for the 
piers of the bridge and the foundation of the mill. At pres-
ent a small amount of stone is sold. It is used for founda-
tions, wells, windowsills and wall rock. The stone is rather 
soft but frequently is better than first appearance seems to 
indicate; 
SOILS. 
The soils of Washington county belong to two general 
types; the loess soil and theallu"\rJ.al.soil. There is a close 
connection between the two in chara.cter, properties and 
origin, Both are black, loamy, soils of great fertility, both 
are water deposits, and both consist of fine silt-like" beds laid 
down in quiet water. Indeed, the alluvial soil is at present -
receiving direct addit~on from the loess by the simple process 
of wash from the uplands aJ;!-d re-deposition over the bottom 
lands. ~here are, however,important differences between the 
two soil§. The loess soil is formed in situ) from the underlyi.ng 
loess by changes in that deposit.· Its subsoil is, therefore, 
always the loess, which is usually of considerable thicknes~. 
Over some regions it is thin, and then the drift itself acts, to 
some extent, as a second subsoil. 
The alluvial soil is not formed in· situ but is derived from 
other ready-made soils and may overlie anything. It 1S 
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usually of considerable depth, so that the subsoil is thesame 
as the soil itself, except that it may be coarser. This is not, 
however, necessarily true, as the soil covering may be thin 
and may have any kind of a subsoil. The relations between 
the two types are quite close, and they are in the main adapted 
to the same kind of culture. 
WATER SUPPLY. 
In common with the other counties of the region, Washing-
tOll is well supplied with surface waters. The English and 
Skunk rivers, with their tributaries, contain an abundant sup-
ply f9r general farm use, which is readily available through-
out the greater part_of the county .. 
Good wells are rarely difficult to obtain. The drift con-
tains. here. numerous lenticular bodies of gravel and sand, 
interbedded with more impervious clays, which thus form 
natural basins for the collecting and storing of water. Such 
layers are found throughout the county, usually within 100 
feet of the surface, ,though not always so. Immediately 
above the indurated rocks is a good water-horizon .. In the 
underlying rock8 water may also be usually obtained. III 
Des Moines and Louisa counties the Augusta frequently yields 
goodwater along the' planes between the h~avy limestone 
bands. West of here the Saint Louis is water-bearing in the 
middle member and might .be found to yield water in the 
southwestern portion of this county. 
Iuthe deep well at Washing'ton a good supply is obtained 
at a depth of 1,611 feet. Itpl'obably comes from one of the 
upper layers of the Saint Croix, or from one of the sandstones 
of the Oneota. The water stands forty-four feet one inch 
. below the top of the easing and has a temperature of 74°. It 
has a slight mineral taste, but is well liked. It is pumped at 
the rate of ninety-five gallons per minute, the smallest casing 
being four ,and one-half inches in diameter. 
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WATER POWER. 
The power afforded by the streams of this county is used at 
only four points. Two mills are located o'n English river, one 
at Wassonville and one at Riverside, and two on Skunkriver 
at Brighton and Cop pack respectively. These mills use an 
aggregate of 150 to 200 horse power and there is considerable 
room for expansion. 
ROAD MATERIALS. 
The materials which are here adapted to the purpose of road 
making consist ot gravel, clay and stone .. The ~rst occurs in 
greater or less quantity throughout the drift, but it is only at 
a few points that it has accumulated in sufficient quantity 
and purity to be readily available.l'hese points are along the 
larger streams. At Coppack there is a gravel terrace from 
which considerable material has been taken by the Burlington 
& Western railway and used for ballast along its line. The 
gravel is rather fine and is mixed with considerable sand. 
The output has been decreasing. 
The number of cars loaded of recent years has been as fol-
lows: 
1892 ..... , ....... - ........ " .. 2,100 
1893 ............... , ., ..... , .. 400 
1894 ....... , ......... , ..... : .. 100 
Clay of good quality, such as is elsewhere burned for. ballast 
and road· materials, is everywhere present but has not been 
used for these purposes. 
Rock suitable both for ~allast and general road purposes 
occur in all formations, The Saint Louis has been llsed to 
some extent for the tormer purpose by the . Chicago, Rock 
Island & Pacific railway, and the Kinderhook has been used 
by the Burlington, Cedar Rapids & Northern. Rock has not 
been used on the common country roads except at local points. 
It is of excellent quality for such purposes and readily avail-
able. 
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INTRODUCTION. 
SITUATION AND AREA. 
Boone county forms one of the middle tier of counties, 
lying immediately to the west of the center county, Story, of 
the state. It comprises an area of approximately 576 square 
miles. 
PREVIOUS GEOLOGICAL WORK. 
Like that of many other counties of the state, the literature 
pertaining to its natural resources is extremely meager. The 
first published account of observations made on the geological 
structure of the county appears in a report of a geological 
survey of Wisconsin, Iowa and Minnesota, and incidentally 
of a portion of Nebraska territory, by David Dale Owen. * 
This description deals mainly with the general features of the 
county, and is accompanied by a sketch of the Des :Moines 
river and vicinity, with several sections illustrative of the 
strata in the southern half of the county. It is based on an 
. excursion up the river between the Raccoon and Lizard 
forks during the summer of 1849, the primary object being to 
determine the delimitations of the Iowa and Illinois coal 
area. 
In 1856 A. H. Worthen made a general geological recon-
noissance of the Des/Moines valleyt, and incidentally gives 
detailed sections of the strata occurring at Elk Rapids and 
1filford, which, with some slight modifications, may be con-
sidered as fairly typical for the southern and middle portions 
of the county respectively. White in his second annual 
report, and again in his final reportt, speaks of the coal 
industry and definitely refers the strata of the whole county 
to the coal measures. 
*Report of a Geological Survey of Wisconsin, Iowa and Minnesota, and incidenta1ly a 
Portion of Nebraska Territory. By David Dale Owen. Pages 123-125. Washington, 1852. 
t Geology of Iowa, vol. I, part 1, pages 172-173. 1858. 
* Geology of Iowa, vol. II, page 259. 1870. 
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PHYSIOGRAPHY. 
TOPOGRAPHY. 
The surface configuration of the county belongs to McGee's 
third type, the "Drift Plain" topography*. Under this 
general type three sub-types may be distinguished: the iriter~ 
morainal, morainal and extra morainal portions. The area 
lying within the moraine comprises a narrow. tract in the 
northern part of the county, characterized by an extremely 
flat surface broken only by occasional small eminences and 
depressions. The moraine is composed of a chain 'of inter-
locking hills having a north of west trend and running three-
fourths of the way across the county. The belt varies from 
one to two or three miles in width, and is the most prominent 
topographic feature in the region. The extra;..morain~l area 
comprises by far the greater portion of the county. The 
general surface of this area is undulating and slightly 
inclined toward the south. The land bordering the princi-
pa1 streams is much broken, and as a rule supports a vigorous _ 
. growth of timber.· The inland portions present a billowy 
appearance, the general trend of the corrugations being 
northwest to southeast. 
The watershed between the Skunk and the Des Moines 
river has an average altitude of nearly 1,200 feet, this being 
the most elevated divide in the county. That l?etween the 
Beaver and .the Des Moines is about seventy-five feet lower. 
The subjoined table, based upon railroad profiles, gives the 
altitudes of some of the most important points. 
Ta.ble of Elevations. 
STATION. ll~! . ::;li> ...... +>o<l> 
..... .0. i> 
A.UTHORITY. 
.=: ti3~ 
----,.-------------~------Angus __________________________________________ . ____ 1028 M. & St. L. Ry. 
Beaver Station ___________________________ " __________ 1031 C. & N-W. Ry. 
Boone_ . _________________________________ ~ ________ . 1143\ C. & N-W. Ry. 
Dayton (Webster county) _____________________________ 10900. & N-W. Ry. 
Madrid _____________ . _______________ , ________________ 1006 C., M. & St. P. Ry. 
* Eleventh Am. Rep. U. S. G. S., page 367. 
DRAINAGE. 
Table of Elevations. 
STATION. 
::Midway ______ . ________________ ~_. . ____ . ______ _ 
Moingona _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___________________ _ 
Ogden _ _ _ _ _ _ _ _______ .. _ _ _ _ _ _ _ _ _ _ . _________________ _ 
Pilot Mound _______ .. _____________________ . _______ _ 
Stratford (Hamilton county) _________________________ _ 
Summit' between the Beaver and Des Moines _______ . 
Summit between the Skunk and Des Moines ________ _ 
DRAINAGE. 
1086 
909 
1098 
1220 
1120 
1111 
1186 
181 
AUTHORITY. 
C. &N-W. Ry. 
C. &N-W. Ry. 
C. & N-W. Ry. 
M. & St. L. Ry. 
C. & N-W. Ry. 
C. &N-W. Ry. 
C. &W-W. Ry. 
The streams in this region belong to McGee's* second 
class, and their homologues in northeastern Iowa have been 
well described by that writer as follows: "The most strik-
. ing characteristics of all these streams is their great length 
. . ~ 
in proportion to their volume, and the striking characteristic 
of the basins is their length and slenderness. Moreover 
there is a dearth of small tributaries, and so occasional lakes 
and ponds, swamps, and extensive sl-oughs are common." As 
has. been' mentioned, the general surface inclines gently 
. toward the south and a natural inference would be that the 
principal water courses flow in the same direCtion. This is 
true in the main, the streams in the northeast portion of the 
county being the exception. The streams bel-ong to two river 
. systems; a major, comprising the Des Moines 'river with its 
tributaries, all flowing nearly due south with the surface 
incline and draining the southwest three-fourths of the 
county; a minor, drained by tributaries of the Skunk river, 
the general trend of which is nearly at rightangles to the sur-
face incline. As a rule all the larger channels of both 
systems have deeply incised the county through which they 
flow. This is particularly the case with Squaw creek and 
the Des Moines river with its short branches. 
* Ibid, p. 359. 
182 GEOLOGY OF BOONE COUNTY. 
DES MOINES RIVER. 
The Des Moines river enters the county about two and one-
half miles west, and leaves it a little more than three miles 
east of the median line, thereby dividing the county into two 
almost equal east and west halves. The valley formed by ·the 
river varies from a half mile to two miles in width. The 
present flood plain comprises about one-third of the area, 
though, during periods of ultrahigh water, at least one-
half of the valley is inundated. The stream meanders from 
side to side of its flood plains, but very rarely impinges upon 
its restraining bluffs. It has cut through the drift and deep 
into the coal measure strata throughout its course j.n the 
county. The valley is included between precipitous bluffs, 
deeply lain with' glacial debris, and the continuity of its walls 
is broken only by the incursions of its numero'us side branches ... 
These mural walls vary in height from rather more than 100 
feet at their entrance into, and exit from the county, to a 
maximum of 200 feet west of Boonesboro. 
Ten>ace8.-Terraces marking distinct stages in the develop-
ment of the river are characteristic features in this region .. 
The most prominent and persistent terrace appears about fifty 
feet above low water and, in the main, marks the limit of the 
present flood plain. The valley farms are largely located on 
this bench, and amply testify to the value of. its soil for agri-
cultural purposes. Another terrace of less. pronounced 
character may be observed, at various points, at an elevation 
of about 100 feet above the river. 
The Des Moines basin proper is extremely narrow. The 
tributaries which become confluent within the confines of the 
county are extremely short. The watersheds between the 
Skunk and Des Moines, on the east, and tbe Beaver and Des 
Moines, on the west, average scarcely nine miles apart and 
might be crossed and re-crossed without their presence being 
suspected. The valleys of the short lateral branches of 
this system partake of. the general canyon-like character of 
the parent stream, and give a very broken aspect to the river 
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belt. They possess steep declivities and become torrential 
during seasons of high water, but very' few flow in extended 
periods of drouth. The majority, although they' may be 
creeks of some importance in their upper reaches, lose them-
selves entirely in the sands of the river flood plain. The prin-
cipal tributaries are Mineral, Honey, Peese and Hull creeks 
from the east, and Bluff, Bear, Caton and Preston creeks 
from ~he west, all of which tend to parallel the greater stream . 
.Age of the De8 Moine8 river.-Sufficient data is not at hand 
to definitely determine the age of the river; but several sig-
nificant facts: all of which point toward the youthfulness 
of the system, may be noted. (1) The extreme shortness of 
its tributaries, taken in conjunction with their high grades, 
are indicative of brief careers. (2) The river itself has done 
comparatively little lateral corrasion. Only in rare instances 
does it impinge on the limiting walls of its valley, and "trun-
. cated salients," which form such a prominent feature in the 
topography of the Mississippi valley, are almost unknown. 
(3) According to data derived froll' coal mines and well sec-
tions the position of the stream appears to be out of harmony 
with the topographic features of the older formations; i. e. the 
Des Moines is a superimposed stream, younger than the 
glacial deposits. 
Beaver creek.-B~aver creek, with its long meandering 
branches, drains the western tier of townships and belongs to 
the greater Des Moines system. It is essentially a prairie 
str~am of low grade. In fact the northern ten miles of its 
course might be more properly denominated a system of prai-
rie sloughs and ponds which become almost impassable during 
prolonged periods of rainy weather, but do not persist during 
the dry season. As might be expected from the low declivity 
of the stream ways, and the transient character of the water-
flow, the streams have done but little work in channeling or in 
valley formation: Only in the southern portion of the county, 
. after the several branches have become confluent, is there a 
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well defined valley. At no place is the superimposed drift 
sufficiently removed to reveal the older formations. 
SQUAW CREEK . 
. Squaw creek, a tributary of the Skunk, with its long sinuous 
branches, amply drains the northeastern fourth of the county. 
Unlike the Beaver, this system possesses a higher declivity, 
and tbe several components have cut for themselves well 
defined valleys. Furthermore, small-lateral branches are 
more numerous, and sloughs and ponds less common. The 
streams with their tiood plains are from fifty to eighty feet 
below the general level of the surrounding country. Like the 
Beaver,' these streams seldom per~ist throughout the entire 
year. 
STRATIGRAPHY. 
General Relations Of Strata. -
The geological formations represented in Boone county may 
be referred to two systems, an older, the Carboniferolis, com-
prising the indurated rocks of the county, and a younger, the 
Pleistocene, including the non-indurated beds. The relative 
rank of the individual formations is shown in the subjoined 
table. 
Classification of Formations 
GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE. 
--- ----
------.. 
Recent. Alluvium. 
---
" Cenozoic. Pleistocene. Wisconsfu. Upper tilL 
Glacial. 
Kansan. Lower till. 
---
, 
Paleozoic. Carboniferous. Upper Des Moines. 
Boone county, so far as now known, lies wholly within the 
region of the lower coal·measures, or Des Moines formation. 
For many years it has been one of the most important coal 
producing c9unties of the state. The Lower Carboniferous 
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formations, while present at no great depth below the surface, 
as evidenced by numerous well borings both within the limits 
of the area and also in the adjoining counties of Story and 
Hamilton, are nowhere exposed within Boone county. The 
Saint Louis limestone occurs in typical exposure about two 
miles from the eastern boundary of the county, on a tributary 
of the Skunk river. This is the only outcrop of the Mississip-
pian s~ries in the vicinity. The drift is everywhere present, 
varying from fifty. to more than two hundred feet in thickness. 
It entirely conceals the subjacent formations, save along the 
Des Moines river and a few of its tributaries; and even here 
talus slopes and landslides of glacial debris largely conceal 
the country rock. Inland, there ~are no natural sections of 
importance; but, fortunately, certain public spirited citizens 
have been instrumental in preserving careful records of sev-
eral artificial excavations which give reliable information not 
only concerning the coal measures, but concerning the deeper 
lying strata as well. 
TYPICAL SECTIONS. 
The following sections taken from various parts of the 
county illustrate the lithological character of the formations 
present. 
Traversing the county from south to north along the Des 
Moines river a considerable number of, sections may be 
observed, which may be considered fairly t~ypical of the coal 
measure stratigraphy of the region. 
On Preston branch, about one mile from its confluence with 
the Des Moines, the following sequence of strata may be 
observed. 
SECTION I. 
(Tp. 82N., R. XXVI., Sec. 33, Ne. gr.) 
FEET. INCHES. 
11. Drift _______________________________ 20 
10. Shale, blue _______ ______ _____________ 2 
9. Sandstone in which plant impressions 
are numerous ___ _________________ 2 
8. Shale, somewhat bituminous below__ 3 
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FEET. 
i. CoaL _______________ _ 
6. Sandstone, fine-grained; argillaceous 
in the lowel' portion_ _________ ____ 15 
5. Shale, bluish-buff: containing numer-
ous interesting concretions near the 
top and one or two hard bands 
toward the bottom ________________ 18 
INCHES 
2 
4. C~al, not persistent_ __ _ _ _ _ _ __ _ _ _ _ __ _ _ 4 
3. Shale, i:qterstratified with irregular, 
h'iable, sandy bands toward the 
t.op _______ ~ ______ ~___ __ _ _ __ _ _ _ _ ___ _ 15 
2. Sandstone, ferruginous, concretionary 6 
1. Shale, blue__________________________ 2 
The base of the section is at the bottom of the creek. To 
show the great variation in details, even in closely situated 
exposures, the outcrop on the side of the bluff, about 200 
yards 'to the northeast, may be considered. 
SECTION If. 
FEET: INCHES. 
7. Soil and drift ____________________ l0 to 50 
6. Shale, light blue, iron mottled._______ 3 
5. Shale, compact, brittle: strongly cal-
careous and highly fossiliferous, con-
taining a marine fauna______________ 1 6 
4. Shale, blue; carbonaceous and fissile 
below_______________________________ 3 
3. Coal (" coal blossom" of miners) _ _ _ _ _ 1 to 4 
2. Sandstone, calcareous, deeply bedded. 6 
1. Shale, blue (exposed)______ __________ 1 
The lowest member visible at this point is about seventy 
feet above low water in the Des Moines river. No.2 com-
prises a heavy-bedded calcareous sandstone, only the lower 
portion of which is thoroughly cemented. The upper layers 
take on a variegated appe'arance due to the anomalous distri-
bution of ferric oxide. This portion contains an abundance 
of plant remains, which may have been instrumental in the 
removal of calcite and a redistribution of the iron constitu-
ent. False bedding, on a small scale, is not uncommon, yet 
the sands must have been laid down with extreme gentleness, 
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for in many instances the Lepidodendron stems retain their 
leaves extended, in presumably perfectly natural position. 
In the south central part of the county, the older Carbonif-
erous formations have been cut out and replaced by a younger 
massive sandstone. A casual observer traversing the river 
:valley cannot but notice the sudden change in topographic 
form, when this sandstone is reached. The rounded salients 
of the coal measure shales and argillaceous sandstones, give 
place to mural escarpments and bold buttresses of the 
"Ledge" sandstone, amply testifying to the change in stratig-
,raphy. This terrain is typically exposed near the mouth of 
." Peese creek, a tributary of the Des Moines entering from the 
. east. The section exhibited at thi-s point is as follows. 
SECTION III. 
(Tp. 83 N., R. XXVI W., Sec. 33, Sw. qr., Sw. t.) 
FEET. 
,4. Drift _ _ _ _ _ _ _ _" _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ .80 to 100 
3. Sandstone, fine-grained; very friable and of a brown-
ish coloe; iron-stained __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 
2. Sandstone, heavy bedded; containing numerous fer-
. ruginous and quartzitic (?) concretions_ _ __ __ _ _ _ __ 35 
. 1. 'S~ndstone, thinly bedded; often showing false-bedc 
,diIlg . ___________ . _____ . ______ . ___ . __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 
The base of the section is but little above the river level. 
The creek valley is extremely narrow and waned in by verti-
cal cliffs, often overhanging ledges; hence the name of the 
formation.' 
. Examples of water sculpture are numerous and beautiful. 
The ridges and less precipitous slopes support a luxuriant 
vegetation. In short, the inorganic and organic worlds have 
conspired to make this one of the most picturesque spots in the 
region. This formation presents many interesting lithologi-
cal variations, the manifestation of which, in all probability 
is due to, or at least has been accentuated by, the weathering 
processes. The second member contains numerous ferrugin-
ous concretions varying in size from a few inches to many 
:feet in the direction of their greater dimension. Others take 
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an almost quartzitic facies and are so hard that they will 
strike fire with steel. These nodules are commonly lens-
shaped or Rpherical, -but in some instances are _ cylindrical. 
By reason of their relatively greater refractoriness, they 
often project beyond the :softermatrices, and closely simulate 
the trunks of trees, and they are currently known as such. 
FIG. 16. Ledge sandstone on Des MOines rj.ver. 
"-
To make the delusion more complete, these pressed cylinders 
weather concentrically and have a st~iking resemblance .to 
the truncated bodies of exogenous trees of gigantic propor-
.. 
tions. The lower bed of the section shows in many places 
cross-bedding the appearance of which is intensified by the 
differential corrasive and corrosive effects of the present 
stream. This sandstone is· known to have a thickness of 
upwards of 100 feet and has been represented in the section as 
~ occurring in three stages. 
The divisions are arbitrary rather than real; the external 
differences being due to accidents of weathering rather than 
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to variable conditions during sedimentation. The ledge sand-
stone may -be considered as a geological unit representing a 
period of continuous deposition. As in most deposits- of its 
kind it is of limited extent. It thins out rapidly both to the 
north and the south. At Bear creek half a mile down the 
river it is reduced to forty feet,_ and two miles in either direc-
tion from its typical exposure it entirely loses its identity, 
giving place to alternating sands and shales. One mile and a 
}j'IG. 17. Differential weathering of the ledge sandstone. 
half toward the source of Peesecreek the older measures 
pass uncomformably under the ledge sandstone. _ Approach-
ing' from the south about one mile below the mouth of the 
Bear, two seams ot coal are easily seen outcropping along the 
river bank, the lower bei.ng twenty feet above the water. 
Where first observed these coal beds are separated by a con-
siderable thickness of shale and clay. Proceeding northward 
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.the intervening strata gradually disappear, and before reach-
ing the mouth of the creek the veins themselves end abruptly, 
;and the ledge sandstone comes into view. Both stratigraph-
ically and lithologically the ledge sandstone seems to have its 
homologue in the massive sandstone exposed in Marion county 
.and currently known as the "Redrock sandstone. " * 
The Redrock sandstone Is indicative of a considerable 
oscillation of the shore line during Carboniferous times, by 
whic~ the land in that vicinity was elevated, profoundly 
eroded and then submerged by gradual tilting of the surface 
on an axis more or less parallel to the shore line. This was 
a period of vigorous erosion on land' and of rapid sedimenta-
. tion in the area in question ... The ledge sandstone was laid· 
down during this time and was followed by re-elevatiqn. 
The four following sections may be considered representa-' 
tive for the .central coal-producing area ofthecotlnty . 
. SECTION ,IV. 
Honey creek section (Tp. 83N., R, XXVIW., Sec. 7, Se. qr., Ne. t). 
FEET. 
8. Drift containing an abundance of selenite crystals 
near the base_c~.-.--------~---,------------------,-- 40+ 
7. Shal.e: compayt, brittle, calcar~ousand highly fos-
slliferous ____ . _____ . ______________________ " ______ 2 
:: ~:::~~_~~~l::i:~~~:~~~:~~::::-:::~~~~-~::~~:~~~::~~~~. : 
4. FIre 'claY,and .alternating· shales ,a:ild argillaceous 
r. sandstone . ..' __ .:.. __ .. _________ ~ _. __ .:~ _ __ _ ___ _ ____ _ __ 50 
3. Shale, black,. containing many clay-ironstone con-
;. cretions~nigger heads : _______ ~.----- ____________ 2 
2. Coal~ ___ :·_________________________________ __________ 2 
. , 
. 1. Fire clay to bottom'of creek. ____ : __ .----------------- 1 
No.7 is lithologically and faunally very similar to No.6, in 
Section ILBoth terrains have about tEe same altitudes and 
it is highly probable that they belong to the same horizon. 
The following species have been identified from this stratum. 
Athyris arqentea Shepard. 
Di8cina nitida Phillips. 
* Iowa Geological Survey, vol. I, pp. 99 et seq. 1893. 
TYPICAL SECTIONS. 
ProduchlS costatus Sowerby. 
Rhynchonella uia Marcou . 
. Spi1'ijer (Martinia) lineat118 Martin. 
Aviculopecten, Sp. 
Clinopis tha TCtdialis Hall. 
Pleurotomaria qrayvillensis Norwood & Pratten. 
Pleurotomaria illinois ens is Worthen. 
Solen-iscus neWbe7'Tyi, Stevens. 
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The iron nodules, which occui' so abundantly in No.3, often 
contain well preserved specimens of gasteropods. 
SECTION V-MOINGONA. 
Coal measure strata exposed about one-half mile northwest 
of the town of Moingona, along the Chicago & Northwestern 
railway, ai'e as follows. 
! ... FEET. INCHES. 
11. Drift, in the main, a light blue, gritty 
. clay, with numerous small lime con-
cretions, extends aboutfiften. feet 
below the road bed _________________ 50 
10. Sandstone, shaly, alternating with 
sandy shales; predominantly ash-gray 
in color and calcareous ______________ 12 
9. Shale, blue _____________ . __________ . 4 
. 8. Sandstone, shaly and sandstone, com-
pact_________________________________ 4 
7. Shale, black________________________ 2 
6. CoaL ____ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ - _ _ _ _ _ _ _ _ _ _ 3 
5. Fire clay and shale _ ___ _ ______ ___ _ ____ 7 
4. Shale, containing many ferruginous 
concretions and stems of Lepidoden-
dra· _______ . ____________________ ~.___ 4 
3. Shale, blue-black, containing Lingula 
umbonata Cox, in places ___________ _ 2 
2. Coal _________________________________ _ 2 
1. Fire clay, exposed __________________ _ 
1.'his section extends to the water level . in the river. 
According to data derived from the coal shafts in the vicinity,. 
a soft sandstone underlies the :fire clay at the base of the sec-
tion. About· one mile north of thjs point the following 
sequence of strata may be observed. 
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SECTION VI. 
(Tp. 83 N., R. XXVII W., Sec. 1, S. ~, Se. t.) 
FEET. 
7. Drift and displaced materiaL______________________ 40 
6. Sandstone, compact ledge ____________________ _____ 1 
5.. Sandstone, ash-colored, clayey and somewhat fissile; 
state of induration very variable, pockets of fine 
sand occur in the upper portion while the lower 
part takes on a concretionary structure__________ 45 
4. Shale, blue-black _______________________________ " _ _ 2 
3. Coal ____________________ ._ _ _ _ _ _ ___ ____ _ __ _ __ _ _ _ _ _ _ _ _ ·2 
2. Fire clay__________________________________________ 3 
1. Sandstone, exposed______________ ____ ____ __________ 3 
Numbers 2,3 and 4 are undoubtedly the same as 1,2 and 3 
in Section V. Above this point on the river the country rock 
is rarely exposed and in no case can more than a partial sec-
tion be observed. 
At Milford the "following section may be made with some 
degree of accuracy, the partial natural exposure being sup-
plemented by shafts in the vicinity. 
SECTION VII-MILFORD. 
FEET. 
S!. Drift ______________________________________________ 100 
7. Sandstone, alternating with shaly sandstone_______ 60 
6. Shale, bituminous; containing Lingula and Lepido-
dendra __________________________________________ 10 
5. Coal_____________________________________________ _ 1 
4. Fire clay, sandy shale and shale ___________________ 20 
3 .. Coal at water leveL_______ ________________________ 2 
2. Fire clay and shales, the latter often containing 
septariannodules ___________ ~ ___________________ 10 
1. Coal ___________ " ___________________ .-.. _____________ 1 to 4 
. , 
The correlation of the strata at this point with those of 
previous sections cannot be definitely made. It is highly 
probable that numbers 2, 3 and 4 are tile equival?nts of 2, 3 
and 4 in Section VI. No.1 in this section may be present at 
Section VI, but it has been proved to be absent at Moingona 
as the numerous coal shafts in that vicinity attest. Proceed-
ing northward there is an exposure on the west bank of the 
river opposite Wilson's mine (Tp. 85 N., R. XXVII W., Sec. 
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22, Se. qr.)~ Six feet of a micaceou~ fissile sandstone appears 
along the roadside, about thirty feet above low water. A 
workable vein of coal is found about ten feet below the.bed of 
the stream as evidenced by the mine across the river. The 
last outcrop of coal measure strata in the county may be seen 
on the Se. qr. of Sec. 10, same range and township as the pre-
ceding. A twelve-inch seam of coal appears about four feet 
above the water in the river and is capped by a bituminous 
. shale which is followed by a shalY,sandstone. This vein is 
peculiar in that it contains a persistent clay parting. 
Away from the Des Moines river and its immediate tribu-
taries natural exposures of the coal measures are. wh,olly 
wanting. Our present knowledge -of the ~tratigraphy of the 
inland regions of the county is almost entirely based on drill-
ers'records. It is very generally admitted that the record 
of a well that has been dug, or of a shaft that has been sunk, 
when not accompanied by sample drillings, soon becomes a 
matter of legend. Notwithstanding the somewhat unreliable 
character of the data derived from su.ch sources, when minor 
details are concerned, the gen.-eral fact has been quite clearly 
demonstrated that the Des Moines strata underlie the entire 
·county. Of the sections away from the Des Doines river the 
well record at Ogden is instructive in giving the depth of the 
drift and the gener;al character of the coal measures for the 
western part of the county. In sinking the city well the fol-
lowing strata were penetrated. 
SECTION VTII-OGDEN. 
DEPTH OF 
FEET. SAMPLE. 
8. Soil and drift clays~ _____________________ 108 108 
7. Sand and gravel, water-bearing _________ 2 110 
6. Shale, light-colored, sandy_______________ 7 117 
5. Shale,· black; more or less concretionary, 
and containing some coal at the b~se___ 8 125 
4. Fire clay.--------------------------- _____ 2 127 
3. Shale, bituminous_______________________ ___ 228 
2. Shale and sandstone mixed at____________ ___ 256 
1. Coai, penetrated at______________________ ___ 270 
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This section gives the t"!J.ickness of the drift as 110 feet and . 
s?-ows the presence of coal under a good roof within a work-
~ble distance of the surface. The amount of coal penetrated 
at this point would not seem to warrant the sinking of a shaft, 
but the presence of at least two coal horizons is established, 
and further prospecting may develop the fact that coal exists. 
in sufficient quantity to be economically important. 
SECTION IX-BOONE WELL. 
One of the most important artificial sections in the state is 
that afforded by the deep well put. down in the city of ;Boone. * 
Here, a magnificent section of 3,000 feet is presented for 
inspection. The following sequence of strata, based on drill-
ings taken at short intervals is appended. 
110. Clay, yellow, sandy, variegat,ed.---- __________ _ 
109. Clay, light-blue; mixed with angular gravel 
which g'ives it a gritty character _________ .. _ 
108. Clay; light-blue; gravel more conspicuous _____ _ 
107. Clay, yellowish-gray; slightly arenaceous and 
containing fragments of wood, closely resem-
bling red cedar; gravel still persists, but is 
DEPTH OF 
SAMPLE. 
10 
24 
34 
less angular ____________ ~-- ____________ ... _ 45 
106. Clay, gray-blue, more even in texture than the 
preceding, but still containing a considerable 
. ·percentage of arenaceous material; strongly 
calcareous _________________________ ~__ ____ __ 60 
105. C~ay, yellow~gray, but gradually. changes to yel-
low at 140; even textured, almost free from 
gravel, but slightly arenaceous throughout 
_______________ . ________________________ 100, 110, 140 
104. Clay, grayish-yellow, containing ang'ulal' saI\d 
and graveL _______________ . _ ______________ 150 
103. Gravel, coarse; imbedded. in a matrix of blue 
clay; composition of gravel; quartzitic~ cherty 
and of basic rocks; many of the individual, 
pebbles are faceted_: __________________ . ____ 155 
102. Clay, deep brown ____ . __________ . _____ .__ 165 
*The writer desires to' express his obligations to Mr. E. E. Chandler, chairman of the com-
mittee on water works for the city of Boone, who kindly supervised the collecting ot sample 
drillings. The writer has been the reCipient of many helpful suggestions from Pro:!. W. H. 
Norton,'who also has verified many of the above determinations. 
BOONE WELL SECTION. 
DEP'l'Il OF 
SAMPLE. 
101. Clay, blue;' massive____________________________ 175 
100. Sand, quartz, fine uniform grain and containing 
a few grains of calcareous chert_____________ 185 
99. Gravel, coarse, composed chiefly of granite, vein 
quartz, basic rocks, quartzite and nodules of 
clay ironstone. The 'latter two bespeak 
strongly of a coal measure origin. Many of 
the constituents, by their rounded forms, 
bear evidence of prolonged attrition __ ~_____ 195 
98. Shale,. buff arenaceous; containing a small 
amount of fine gravel, probably carried down 
from the overlying strata; slightly calcar-
eous ---------------------c-----200, 210, 220,230, 250 
97. Shale, blue, compact, brittle____________________ 270 
96. Shale, blue, containing a small amount of coaL __ 275, 308 
95. Shale, blue, calcareous and slightly arenaceous_ 325 
. 94. Shale, light-blue, strongly calcareous and more 
arenaceous than the precediiig _ _ _ _ _ _ _ _ _ _ _ _ _ _ 335 
93. Shale, black, bituminous; its fissile character is 
rendered apparent on exposure _____________ 345, 353 
92. Shale, bituminous, mixed with ash-colored fire-
clay, coal, iron pyrites and clay ironstone___ 355 
91. Shale, black non-calcareous, brittle and contain-
ing an abundance of iron pyrites ___ ~________ 370 
90. Shale, gray blue, slightly arenaceous at 400 but 
practically non-calcareous throughout. _____ _ 
_ ___ . _______________________________ .380, 390, 400, 415 
89. Shale, ash-colored, brittle, calcareous .___ 430 
88. Shale, gray, containing a small amount of black 
shale and a great abundance of flint which 
partakes the geodetic character; alsQ, some 
limpid quartz ___________________ ~ _____ .- ____ 445, 450 
87. Shale, grayish-black, calcareous and arenaceous 455 
SU. Limestone, containing rhombs of calcite________ 460 
85. Limestoue, slightly ooOOc ____________ .470, 475, 490,500 
84 Shale, blue and strongly calcareous ________ 015, 525, 540 
83 Shale, gray-blue, more marly than the preced-
ing _________________________________ ~_______ 550 
82. Limestone, bluish-gray, close textured, brittle, 
drillings sharply angular ____________ .----- _ _ 552 
81. Limestone, drillings show conchoidal or hackly 
fracture __ :.._ ____ ____________________ ____ ____ 560 
SO. Limestone, an abnormally large amount of chert 
is present___________________________________ 562 
19 G Rep 
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DEPTH OF 
l'.Z: SAMPLE. 
79. Limestone oolitic facies, slightly quartzitlc; drill-
ings not angular ____ - • ___ - ___ • _______ -___ . 580 
78. Sandstone, friable, fine-grained. ____ - -- _____ . _ _ _ 590 
77. Shale, greenish-gray, slightly arenaceous _____ 600 
76. Shale, slightly calcareous ___________________ 610,620 
75. Shale, more marly _____ ~ _ _ _____ _ _ ____ _ _. __ _ _ _ _ 630 
74. Limestone, gray. __________ , • __________________ 640, 650 
73. Limestone, gray, marly ________ " _____ ~ ________ 660-777 
72. Limestone, blue, compact, brittle __________ . _ _ 790 
71. Limestone, apparently brecciated ~ _____ , _ _ _ _ _ _ _ 800 
70. Shale, gray ____________________________________ 805 
69. Limestone, sub-crystalline, gray _ _ ___________ ~ _ 815, 830 
68. Lirqestone; containing numerous reddish-brown 
spots, probably due to oxidation and hydra-
tion of iron pyrites ___________________ ~ _____ 840-920 
67. Limestone, magnesian, light-buff _ - ___ . ____ ~ ___ 930-1,015 
66. Limestone, more or less argillaceous and con-, 
taining fragments of a dark colored shale_1,028, 1,040 
65. Shale, slightly calcareous______________________ 1,050 
64. Limestone magnesian, similar to 930-1,015-~--1,065, 1,070 
63. Shale, gray-blue, similar to '1,050; some sand 
present ____ '~ ___ : ___________________ ],080, 1,090,1,100 
62. Shale, arenaceous,eontaining a considerable num-
ber of larger sand grains_~__________________ 1,120 
61. Limestone, gray, doloIo.itic _____ ~ ______ 1,130, 1,140, 1,150 
60. Limestone, magnesian, buff, saccharoidaL _____ _ 
___ .:. _____________________________ -' __ 1;160,1,170,1,180 
59. Limestone, magnesian with some quartz grains" 1,190 
58. Limestone, dolomitic, marly .. _____________ ],200,1,210 
57. Shale, greenish-gray ______ ______ ______ _ _ _______ ] ,220 
56. Limestone, dolomitic; similar to 58 ___________ 1,240,1,250 
55. LimestonB, more arg~illaceous__ _____ _ ___ __ ______ 1,260 
54 .. Quartz, vari-colored, chalcedonic _____ ::_________ 1,280 
53. ' Clay, residual, a red ochreous substance; charged 
with white, calcareous grains ________ ~ ____ _ 
52. Sand,qtiartz, vari-colored ____ __ 
51. Limestone, crystalline, purplish; some -fissile, 
1,282 
1,290 
green shale present , _____ ._______ _________ 1,~98 
50. Limestone, buff, considerable green shale pres- , ' 
en t ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1,305 
49. Dolomite, gray, fine even textured, brittle; re-
duced to a fine sand by the drill _________ 1,315,1,325 
48. Shale, green, soft, plastic; but slightly calcareous 
__ ~ _______________________________________ 1,335-:-1,385 
BOONE WELL SECTION. 
DEPTH OF 
SAMPLE. 
47. Sh~le, black, carbonaceous_____________________ 1,395 
46. Shale, buff, magnesian _______________________ 1,405, 1,430 
45. Limestone, argillaceous ________________________ 1,440 
44. Limestone, gray, magnesian _________________ l,450, 1,480 
43. Limestone, argillaceous, marly ___________ .. _ _ _ __ . 1,490 
42. Limestone, gray, magnesian ____ . ___________ 1,500,1,510 
41. Limestone, buff, magnesian, finely granular _ _ _ _ 1,537 
40. Limestone, slightly cherty __________________ 1,545-1,560 
39. Limestone, buff, magnesian; containing flakes of 
gray limestone and small cleavage plates of 
gypsum _______________________ . _____ 1,580,1,590,1,600 
38. Dolomite, brownish-yellow, marly ___ _________ 1,610 
37. Dolomite, becoming progressively lighter colored 
_________ -____________________________ 1,620,1,630 
36. Dolomite, buff ______________ : _________ ~_ ___ _ _ _ _ _ 1,640 
35. Dolomite, sacchroidal______ ____________________ 1,650 
34. Dolomite, buff_c _____________________________ 1,660,1,680 
33. Dolomite, shaly _~ ________ . _. __________________ 1,690 
32. Dolomite, bluish-gray, marly, argillaceous_ _ __ 1,700 
31. Dolomite, bufL _______________________ 1,710, 1,720, 1;730 
30. Clay, residual, with some fine-grained quartz 
sand _. __________________________________ _ 
29. Shale, greenish-gray ______ . __________________ _ 
28. Dolomite, brownish : _______________________ _ 
27. Shale, greenish-gray with dolomite sand ______ _ 
26. Dolomite, deep brown _______________________ _ 
25. Dolomite, color gradually changes from buff to 
1,740 
1,750 
1,760 
1,770 
1,780' 
greenish-g'ray, ahd texture becomes shaly _1,795-1,810 
24. Shale, bluish~gray __ ~ ______ . _____ . _______ c__ 1,830 
23. Shale, green, non-calcaI'eous _________ ~ ___ .____ 1,835 
22. Shale, bluish ____________________ . ____ 0 ___ • ____ 1,840 
21. Sandstone, clear-white; grains well rounded____ 1,845 
20. Shale, green, with small amount of sand _ ____ 1,850 
19. Shale, arenaceous._______ _ ______ ~ _______ 1,860, 1,870 
18. Sandstone, clear-white, even grained quartz 
sand._~ ________ o _. ______________ 1,880, 1,890, 
17. Shale, similar to No. 19. _____________________ _ 
16. Dolomite, gray with fine quartz sand _________ _ 
1,895 
1,990 
1,910 
15. Dolomite, greenish-gray, marly ___________ . ____ 1,915 
14. Dolomite, same as No. 16; sand finer than in No 
IS-and much moreangular _______________ 1,940,1,950 
13. Dolomite, cream-colored, slightly shaly._______ 1,955 
12. Dolomite, gray, shaly . ___ . ____________________ 1,975 
11. Shale, red, non-calcareous _____________________ 2,075 
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DEPTH OF 
. SAMPLE. 
Hl. Shale, buff, highly calcareous, slightly arenac-
eous ________ __ ________ ____ ___ _ __ _ __ ___ ______ 2,165 
9. Shale, green _____________________ -- - ____ -__ __ __ 2,200 
8. Shale, green_ .. ___ :..___________________________ 2,250 
7. Shale, dark-blue and marl, 1ight-gray _____ ~____ 2,310 
6. Sandstone, highly calcareous, buff, fine-graine,d 
_________________________________________ 2,510, 2,515 
5. Shale, yellowish-green, highly calcareous _____ 2,560 
4. Sandstone, yellowish, fine-grained; mostly sub-
angular or rounded, many angular grains___ 2,585 
3. Sandstone, light-buff, grains fine, mostly angular 
__________________________________________ 2,640, 2,660 
2. Sandstone, calciferous, in the mass brown, fine-
grained_____________________________________ 2,700 
1. Alternating bands of shale, red marl, and soft-
. red sandstone, without limestone _________ ~ 700-3, 000 
The total absence of type fossils renders the interpretation 
of the above section difficult. Fully realizing the somewhat 
unreliable character of correlations based on lithological 
grounds only, the following summary is offered tentatively. 
Summary of Formations. 
NUMBERS. NAME SAMPLES. THICR:- DEPTH. NESS. 
UO-91l Pleistocene ______________ 
------------
0-2UO 200 200 
98-83 Des Moines ____________ --_ - ____ -- __ - __ 200-460 260 460 
82-58 Lower Carboniferous and Devonian ____ 460-1,210 750 1,2]0 
57-49 Upper Silurian ________________________ 1 ,:nO-l ,325 115 1,320 
48-46 J\tjaquok~ta, shales _____________________ 1,325-1,4401 115 1,445 
45-22 Galena-Trenton ----. ----------------- 1,440-1,840 400 1,840 
21-18 I Saint Peter __________ -----------------1 1,840-1,895 55 1,890 
17-7 I Oneota ------ ---------- ------ --- - - ----- J ,895-2,450 475 2,455 
7-1 Saint Croix -- ---- ---- -- __ -- -- -- _______ 1 2,q50-3,00O 550 3,000 
The top of the well has an elevation of 1,140' feet above 
tide. The drift is apparently 200 feet in thickness. The 
next seventy feet is most anomalous in cha~acter. It has a 
dist.inct soil odor and is loess-like in appearance. The gravel 
present is similar to that in the overlying drift which is 
undoubtedly its source. The W. D. Johnson shaft, three 
miles to the westward, penetrates no strata which can be cor-
. related with this terrain. Two hundred feet of coal measure 
shales follow. 
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The data at hand does not warrant the separation of the 
Lower Carboniferous from the Devonian, to say nothing of 
attempting to delimit the subdivisions of these systems. 
The material deposited during these periods are predomi-
nantly limestones, although interbedded with numerous bands 
of shale and some sandstone. The oolitic character sowell 
exemplified in the typical outcrops of the Lower Carboniferous 
strata in central and southeastern Iowa may be noted in 85 
and 79. 
The Upper Silurian possibly begins with 57, which is fol-
lowed by a magnesian limestone similar to 58. This forma-
tion contains a considerable amount of siliceous material. 
Sample 54 is composed almost wholly of quartz; the limestone 
has been removed probably by washing. The residual material 
may represent a cavern or an old surface. The Maquoketa 
shales are characteristically developed at this point although 
reported absent at Ottumwa and Centerville by Prof. W. H. 
Norton*. The heavy deposits of magnesian limestone and 
dolomite from 45 to 31 . may be referred to the Galena and 
Upper Trenton formation~. Interstratified dolomites and 
shales comprise the Lower Trenton with an easy passage into 
the white sands of the Saint Peter. The Oneota and Saint 
Oroix attain great thicknesses in central Iowa, as evidenced 
by the lower 1,100 feet of the section. 
Geological Formations. 
CARBONIFEROUS. 
DES MOINES STAGE. 
As has been mentioned, the lower coal measures completely 
underlie the county. The Des Moines river has cut into this 
formation a channel averaging 100 feet in depth, and reveal-
ing a series of sandstones and shales with several veins of 
coal, which are interbedded in a most intricate manner. The 
following general section, which is to some extent ideal, gives 
the most important relations of the strata. It is based on 
*Iowa Geological Survey, vol. III, p: 209. 
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the natural exposures along the rivers taken III conjunction 
with data derived from coal shafts .. 
and weJl sections in the vicinity. 
Thickne88.- The coal measures 
have never been entirely pene-
trated save at a single point within 
the limits of the county. The 
Boone deep well section shows a 
~ thickness of 260 feet. The drift ? 
'"" at this place is 200 feet thick, ?" 
while the surface altitude is 1,140 ~ 
~ 
e. feet. Three miles to the westward, 
the drift is but 100 feet in tbick- ~ o 
ness, while the surface elevation 
has been reduced but sixty feet. 
a 
~ o· 
e. 
'" t!> It is probable that the coal meas- g. 
o· 
ures may reach a thickness of ~ 
C> 
nearly 300 feet at that point. g 
rtJ Whether or not there is a gradual to 
o 
thickening to the westward must ~ 
remain an open question until more g 
data is at hand. ~ 
" Lithologically, the coal measure g 
strata consist essentially of sand- ~ 
stone and shales which contain ~ 
several seams of coal, of greater 
or less extent. The sandstones 
til 
rtl 
s: 
o ;;. 
CO> 
Ul 
and shales are extremely variable, ~ 
<:I 
not only in composition, texture g 
and state of induration, but also in 
their lateral and vertical distribu-
tion. The sandstones are com-
posed of fine, r 0 u n d e d quartz 
grains which are, as a rule,-imbed-
ded in a matrix of calcareous, fer-
ruginous or argillaceous cement. 
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. . 
The individual sand grains are often coated with ferric oxide, 
which indicates that they were not subjected to vigorous or 
prolonged shore action during the period of deposition and 
accumulation. In texture, all gradations may be observed 
from the massive "Ledge sandstone," where ,a single layer 
may reach a thickness of twenty feet and is ,practically a free-
stone, to fissile sandstones which readily separ~te into laminre 
less than one-tenth of an inch in . thickness. The former 
. . . 
deposit is indicative of rapid, continuous deposition, whife the 
latter predicates rapidly recurring conditions and, perhaps, 
slow accumulation. . 
The state of induration is :i:nost anomalous. Sand, friable 
sandstone and compact sandstone,~almost quartzitic in char-
acter oftentimes-rapidly replace one another both laterally 
and vertically. . The prevailing color of the Boone county 
sandstones is buff, reddish-brown or ash-colored, depending 
largely as to whether the cement is calcareous, calcareo-fer-
ruginous or calcareo-argillaceous, respectively. 
The shales are equally as variable as the sandstones. There 
are all gradations from argillaceous sandstones to fire-clays. 
The color varies from a gray or ash~color in the leached fire-
clays, through massive blue shales, to the black,bitumino~s 
shales, which usually immediately overlie the coal seams. 
The state of aggregation varies greatly from the soft, plas-
tic clays, which may be readily molded between the fingers, 
to the brittle, calcareo-argillaceous rocks: which emit brilliant 
sparks when struck with the hammer. The carbonaceous 
shales often contain septarian nodules and clay ironstone con-
cretions. 
The coal belongs entirely to the variety known as bitumi-
nous. As a rule, it is composed of upwards of 80 per cent of 
oxidizable elements, chief among these being carbon. The 
coal will be more fully treated in a later portiorI. of thisreport. 
In addition to sandstone, shales and coal there are certain 
bands of argillaceous limestones, which are the most persist-
ent features of the coal measures. Such bands may be 
observed near Moingona and on the river west of Madrid. 
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PLEISTOCENE. 
Deposit-slater than the coal measures and usually desig'-
natedbythe general term "drift,"completely cover the 
county' save where they have . been removed by the pres~nt 
streams .. They cover the underlying deposits 'unconformably 
and'may be differentiated into a· lower and upper till and 
an alluvial deposit. Most of the present topographic forms 
find' expression in the easily molded materials of this terrain. 
The average thickness of the drift in this area is upwards of 
one hundred feet. At Zenorsville, in the. northeastern por-
tion of the county, it varies from sixty to one hundred and 
twenty feet; in the city of Boone it is 200 feet thick; at Ogden, 
110, and the coal shafts near Angus reveal a thickness of from 
':fifty' to one hundred feet. A deduction of the thickness of' 
the' drift at certain points from their respective altitudes, 
along'a line from the agricultural college in Story county, by 
way·of Boone; the Logan and Canfield shaft, Milford and 
Ogden to Beaver station, renders apparent an interesting and 
1200 - ---- -.- - -,- -- --:- - ---.. :- - -- -:.~-- ~--!------- ---- -- -~- --- ----
.• 3- 1I;.1e... . ~ 
-/l00 -! __ -~ -- ~ ------~ ~~--~--~ - ---j-- -- -- -~-. 
: ff(l~ . ~ ~ ~ ~. 
-Pl'&lellt ,tl ~ ,0 
"1m ---~------------~ -~ .:.-------------------~----. 
_ ...... _ :...._-.--_ .... --_ ...... _.............. ...... ........ - ........ -.~... h, PlaJ¥t 
-~ -- ........ -"'-' .--........ ~:~~. _~'!.':t.a...C!! ... '" ... . 
m '._-
FIG. '19. Relations of the present arid pre-Pleistocene surfaces. 
important fact .. The surface features at the beginning of the 
Pleistocene must have been lesspronollnced than at the pres-
ent time. It would seem that the region haP. suffered pro-
found erosion during the preceding period and that the area 
under consideration was practically base-leveled at the begin-
ning of the present epoch. The Des Moines river appears to 
have the characters of'a superimposed str-eam. Its present 
position is clearly out of harmony with the older land surface. 
In fact it is highly improbable that any of thB streams of the 
present drainage systems are coincident with those of pre-
Pleistocene times. 
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No attempt will be made in the present report to delimit 
the subdivisions of the Pleistocene. According to present 
data it may be tentatively stated that the county is com-
,pletely underlain by the two drift sl;teets. 
LOWER TILL OR KANSAN FORMATION. 
A yellowish-brown clay appears at several points ~long the 
Des Moines, noticeably along road-cuts at about the one 
hundred-foot level above low water. The deposit is charac-
terized by a predominance of greenstone pebbles and a con-
siderable number of small sized granite boulders, many of 
which are in an advanced state of decay and readily disinte-
grate ,when removed from their ma~rices. Occasionally, this 
oxidized deposit may be traced downward into a maS§.ive blue 
clay, of which it is probably the lower unweathered portion. 
At the Logan and Canfield shaft, the lower till; as above 
described, shows a thickness of about forty feet for the oxi-
dized portion. The Boone deep well gives forty-five and 
fifty-five feet for the lower and upp~r portions respectively. 
UPPER TILL OR WISCONSIN FORMATION. 
Boone county lies wholly within the outer loup of the ter-
minal moraine which marks the southern limit of the last 
great ice incursion. This extension of the great continental 
ice sheet is currently known as the" Des Moines lobe," and 
is bounded by the Altamont moraine. Upham* has shown the 
, terminal moraine of, the Des Moines lobe to be continuous 
with the Kettle moraine, and Chamberlain t has designated 
this drift sheet the "Wisconsin formation." An inner or 
, . 
. 
Gary moraine, which marks a stage in the retrogression of 
the Des Moines ice, crosses the northern portion of Boone 
county in a north of west, south of east direction. Its most 
salient topographic forms are in the vicinity of the Des Moines 
river. The most ,prominent of these are popularly known as 
Mineral Ridge and Pilot Mound. The former is a long ridge 
*Geol. and Nat. Hist.Surv. of Minn., p. 298. 1880. 
t Journal of Geology, vol. TIr, p. 275. 1895. 
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rising from fifty to seventy feet above the drift plain, trend-
ing in a north of east, south of west direction through the 
town of Ridgeport, and is cut off by the Des Moines river. 
Pilot Mound is an isolated spur of the moraine and rises 
abruptly some seventy feet ~ove the surrounding country. 
The town of Pilot Mound takes its name from this drift hill. 
The moraine in this section is rather sharply delimited on its 
inner edge, but it fades out gradually into a succession of low 
swells peripherally. 
Boulders are everywhere abundant and present a familiar 
spectacle in fence corners and along roadways. The prevail-
ing types at'e granites and gneissoid rocks, with a liberal 
sprinkling of the red Sioux quartzite. 
Plate iv shows a large granite boulder in the foreground, 
with the" inner loup" of the terminal moraine in the back-
ground (Tp. 85 N., R. XXVIW., Sec. 2, Sw. qr., Sw. t). The 
boulder is coarse textured, and is composed essentially of 
quartz, red feldspar and hornblende. 
Lithologically considered, the upper till is composed of an 
incoherent mass of clays, sands, gravels and boulders, which 
rarely occur singly but are usually intermixed in a most com-
plicatedmanner. In general, this formation, as also the 
Kansan, may be subdivided into an upper oxidized and a lower 
unoxidized portion. According to numerous natural and 
artificial .sections in this county,. the basal portion of the 
Wisconsin drift attains a thickness of from forty to ninety 
feet. In color it is a grayish-blue! and contains more grit 
and is less massive than its anologue in th~ lower till. Frag-
ments of wood are not uncommon. On the Steelworth farm, 
about two miles south of Boone, large fragments of wood 
were uncovered through the laterar corrasion of a small· 
stream and the consequent caving of its bank. The speci-
mens have the general character of our common red cedar 
(JunipeJ'tt8 virpqinianu8 L.). Although the distribution of 
woody fragments is general, yet, so far as now known, no 
well defined forest beds have been observed in this region. 
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It seems highly probable that the· erosive agencies were vig-
orouslyactive early in the Wisconsin age, and the upper 
porti0"il of the Kansan was thoroughly reworked and incorpo-
.rated into. the younger drift .. The oxidized pOJ;'tion of the 
upper ti~ is light yellow in color and aveJ:'ages from ten to 
forty feetthi~k. . The Wisconsin formation,as a whole, is 
characterized by pebbles and boulders of the quartzitic and 
granitic types,and calcareous concretions are conspicuously 
present .. ·The boulders are usually much larger than those 
qf the Kansan drift and often present fresh, glassy sur-
faces. 
ALLUVIUM. 
Alluvialdeposits accompany the principal streams, but they 
are. of little importance away from the Des Moines valley . 
. They consist essentially of black, sandy loam, mixed with the 
wash from the bluffs. In many instances the humus and river 
silt has been removed to a large extent, and a yellowish-gray 
sand results. 
ECONOMIC PRODUCTS. 
COAL. 
Boone county has long been one of the leading coal-pro-
ducing counties in the state. For nearly half a celltury coal 
has been known to exist in this region in quantities of econo-· 
mic importance, and has been long mined to supply local con-
sumption. As early as 1849, Owen, in his excursion up the 
Des Moines river, noted the fact that the blacksmiths .of the 
county obt~ined_ coa~ along Honey creek. Although coal was 
thus early known, a score 0f years elapsed before mining for 
.export· was initiated. After the advent of the railroad in 
1866, mining operatiens were pursued with viger, and. the 
mining industry new ranks secend .only to that of agricul-
ture. 
The mining regions of the county may be considered con-
veniently in three groups; those of the Des Moines valley, 
the Squaw creek basin, and the Angus region. 
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DES MOINES VALLEY MINES. 
In the vicinity of. Madrid local mines have been opened 
from time to time along the river south and west of the town, 
but all of these have been operated intermittently and only to 
supply the immediate neighborhood during the winter seasons. 
The more important mines are in the north central portion of 
the county. 
MADRID DISTRICT. 
Knox Brothers have, for years, operated a mine about four 
miles northwest of Madrid (Tp. 82 N., R. XXVI W., ~ec. 10, 
Sw. qr. Sw. i). The vein worked at this point outcrops in the 
side of a ravine, some seventy feet above low water in the 
river. The seam averages about twenty-six inches in thick-
ness, is of fair quality, has a good roof and is readily miI+ed 
by drifting into the bank. About four miles from the s'outh 
boundary line of the county is the Porter slope (Tp. 82 N., 
R. XXVI W., Sec. 8, Ne.qr.,Ne. i). The section near the 
coal bed is as follows. 
FEET. INCHES. 
5. Limerock, impure, compact, bituminous 
"cap-rock" _________________ ~______ 1 
4. Shale, bituminous._____________________ 7 
3. Coal ___________ ~________________________ 2 6 
2. Fire clay ___________ ~ __ __ _ _ __ __ __ __ _ ____ 4 
1. Shale, black, bituminous ____________ ~___ 7 
FIG. 20. Coal seam at Porter slope on the Des MOi~es river. 
Below Moingona. 
The so-called "cap rock" is a black, very compact and 
,brittle calcareous shale, highly fossiliferous and separated 
. from the coal by a few inches of dark fissile shale. The vein 
of coal is about sixty feet above low water in the Des Moines 
river. The seam opened up here appears to be the same as 
that worked in the preceding mine. Two miles beyond, near 
a short bend in the river, is the Blyth slope (Sec. 5.of the 
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same township and range), where two veins of coal are 
exposed; the lower one being about three feet above low 
water in the river and the other about four feet higherup. 
The lower seam ends abruptly toward the southward, being 
cut out, and the channel filled with clay. This vein is three 
feet in thickness, while. the" upper "one is two and one-half 
feet thick. The upper seam especially, has a good roof. 
Figure 21 shows the above relations. 
Pig. 21. Coal seams at the Blythe mine. 
Continuing northward along the river, there are occasional 
outcrops of coal on either bank. On .section 29 (Tp. 83 N., 
. , 
R. XXV W.), two veins of coal a ppear on the left bank 
of the- stream. The lower of these is about twenty feet above 
water'level. The seams ~are separated by a considerable 
thickness of clay and shale which, gradually thinning north-
ward, finally disappears, the veins coalescing. Near the point 
of coalescence they are cut out by the LE},dge sandstone. 
Between this point and Moingona the bluffs form high, .mural 
escarpments of sandstone, through which deep labyrinthine 
ravines have been go.uged out by numerous small streams as 
they approach their embouchur~s. 
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MOINGONA DISTRICT. ' ' 
A mile below Moingona, on the west river bank (Tp. 83 
N., R. XXVI W., Sec. 18, Nw. qr., Nw. l), is the Highland 
Chief mine which has been in operation for many years. It 
is a shaft sixty feet in depth and works the" upper vein" 
which is here from two to three feet in thickness. Nearby 
is the Moingona Coal CO.'s shaft No.6, the last mine 
opened by the company in the neighborhood. In the vicinity 
of the town coal crops out in many places in the sides, of the 
Des :Moines valley; and along the minor streams flowing into 
the river. Directly opposite the railroad station at Moingona 
is the White Smoke mine~ This is a shaft put down in 1892; 
it is about fifty feet in depth and reaches the ," upper vein," 
which has a thickness of about two and one-half feet. The 
section is: 
, FEET.' INCHES. 
5. Shale, bituminous _____________________ 4 
4. Limerock, impure, very· compact, bitum-
inous, ferruginous _" ____ ~___ __ __ _ _ __ "4 
3. Coal ____ ~ _______________________ '_ _____ 2 6 
2. Fire clay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ . 7 
1. Sandstone (exposed)______________ _____ 1 
FIG. 22. Vein at White Smoke mine. Moingona. 
,There are several country banks in the vicinity which 
furnish considerable fuel for local use. _ This locality, was 
formerly an important mining region, but at the present time 
comparatively little coal is being tp,ken out. North of Moin-' 
gona about one and one-half miles is the Clyde mine No~2, 
which is now deserted. Still farther northward is the Ogden 
~ (Tp. 84 N."R.XXVII W., Sec. 27, See qr., Ne. i). . -
The coal mined at the Ogden mine was encountered at a 
depth of ninety feet; the mouth of ~the shaft is about eighty 
feet above the water level in the Des Moines rive'r.An 
"upper" vein exists about seven feet above the lower but' is 
not worked. A mile north of the Ogden is the Clyde No.1, 
now abandoned. ,This is the southernmost of the more 
important mines which are comprised in the 11ilfordarea. 
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MILFORD ·DISTRlCT. 
r.rhe Rogers & Crow shaft (Tp. 84 N., R. XXVII W., Sec. 
14, Sw. qr.), is located .on the summit of the bluff and is 206 
feet in depth. The drift deposits at this point are 100 feet in 
thickness. There are two veins of coal, the." upper" being 
about ten feet above the lower; the latter is on an average 
three and one-half feet in thickness; it is somewhat irregular, 
becoming in. places considerably thicker and thinner than the 
measurement given; it is wanting at the base of the shaft, but 
it was encountered some ten rods distant towards the north-
east by a lateral drift .. The upper ,vein is somewhat thinner 
than the lower, but more uniform in thickness. Thereisalso 
. a third vein, said to be presen~ about forty feet below the 
" lower vein. " This third vein is not at present of economic 
importance at this point. About 200 yards to the northeast-
ward is the Milford shaft which is located at the base of the 
bluff. It is 100 feet in depthL and also works in the" lower" 
vein, wliich here has a thickness of four feet. At the bottom 
of the shaft the layers shown are:, 
FEET. 
3. Shale, bituminous, with band of impure nodular 
iron-stone at base __ _ _ ____ __ _ _ __ __ _ ___ __ _ 5 
2. Coal __ " ______ , --."- -~ -~ --- --,- - -- - -- - - c.- __ - - ____ ____ 6 
1. Fire clay ___________________________ --------_ ____ 4 
FIG. 23. Bottom of shaft, Milford mine. 
The upper seam is ten to t.welve feet above this and is three 
feet in thickness. Several thin veins were passed through in 
sinking the shaft before the upper seam. was reached. Half a 
mile southeast of Milford is the Boone Valley shaft which is 
seventy feet in ,depth. The coal is three and one-half feet 
in thickness .. A second vein is eight feet higher but only 
the lower one is mined at the present tim.e. 
210 GEOLOGY OF BOONE COUNTY. 
Directlv to the east are 'several shafts known as the Marshall 
." 
mines. They are all located on the river bottom and work 
coal from two and a half to four feet in thickness, presumably 
the· lower vein. 
On the opposite side of the Des Moines river a number of 
mines are in active operation, one of the most important being 
the Hunt slope (Tp. 84, N., E. XXVII W., Sec. 13, Ne. qr., 
Se. i). 'Half a mile to the southward is the Marshall slope, 
which like the preceding, mines the "upper vein:" 
BOONESBORO DISTRICT • 
. Occupying the amphitheater in the great bend on the Des 
Moines river is the Boonesboro area, which immediately 
adjoins the Milford region on the east and is only separated 
from it by the river. 
The W. D. Johnson mine is located on the summit of the bluff 
(Tp. 84 N., ,R. XXVII W., Sec. 24, E. i). It is the oldest and 
. ." 
, FIG. 240. Top works of the W. D. Johnson mine. 
largest mine in tl;1e county. It has _been operated continu-
ously for more than thirty years. Finch & Company, of Des 
Moines, formerly operated it, but for more than a quarter of 
a century the mine has been under its present management. 
Two workable seams of coal are found, and both are worked 
by the longwall method. The following section of the shaft 
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was prepared from an examination of small samples obtained 
by the foreman at the time of sinking. 
FEET. 
29. Soil ________________ , ________________ . ______________ c 5 
28. Clay, yellowish . _____ ,___ . ____ . _ _ _ __ __ __ ___________ 20 
27. Clay, bluish; considerable grit present, ____________ 40 
26. Clay, yellowish-browu______________________________ 40 
25. Clay, massive, blue, jointed . _______ . _____ .. ______ -9 
24. Sandstone, ash-colored,shaly, graduates into 23_____ 9 
23~ Shale, gray-blue _________________ ' __________________ - 3 
22. Shale, with ironstone concretions ____ ._____________ 3 
21. Sandstone, fine-grained, friable ______ . ___________ 12 
20. Shale, bluish and drab; containing numerous oxi-
dized iron concretions _ _ _ _ __________ . _____ . ____ . 6 
19. Sandstone, ash-colored. ________ ' __________________ _ 12 
18. Shale, compact, massive '.------------ ___ : _________ _ 7 
17. Shale. light colored ("soapstone" of the miners) . __ _ 5 
16. Sandstone, whitish, argillaceo-~alcareous _________ _ 1;) 
15. Sandstone, niore compact and coarser in texture, ' 
calciferous _ _ _ _ _ _ _ _ _ _ _ _ _. _ _ _ _ _ _ _ _ . ____________ _ 8 
14:. Shale, black, bituminous, fissile below ____ . ________ _ 3 
13. Fire clay and light colored shale __________________ _ 9 
12. Shale, hard, blue-black __________________________ _ 5 
II. Fire clay ________________ . ___ ' __ . _______ . __________ ' __ 1 
10. Shale, compact, brittle; highly bituminous and often 
fossiliferous _____ ~ ______ .. __________ . __ . _________ _ 3 
-' 
9. Coal ___________ - _____ - _____ - ___ - ___ - ________ . _____ _ ~ 
8. Shale, variegated; arenaceous, calcareous; a parting 
between 7 and'g ______________ ~ _________________ _ 1 
7. Coal, "upper" vein ____ . _______ ~ _________ --- ________ _ 4 
6. Fire clay ____________ . _______________ . ______________ _ 3 
5. Shale, variegated, with numerous ironstone c:mcre-
tions and septarian nodules ____ .___ ____ __________ 4 
4. Coal, _"lower" vein _______________ . _____________ ._ 4 
3. Fire clay ____ -- _______________ , --- ___________ -____ _ 3 
2. Shale. light colored; gTaduating into the strata below 3 
1. Shale, dark, bituminous _________ ~_________________ 2 
The" lower" vein is guite variable in thickness, containing 
many pinches and swells and attaining a maximum measure-
ment of five feet. A half mile to the southeastward is the 
Heap mine which is a shaft 208 feet in depth. Only the 
"upper" vein is mined here; the "lower" being absent. It 
appears to be th~ same -as the "upper vein'" in the J ohJison 
20 G Rep 
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mine. The coal is from two to four feet in thickness .. ' A-little 
more than a mile to the southward is the McBirnie shaft 175 
feet deep.. The _ ~oal seam is from two and a half to three feet 
in thickhess and has an exceilent roof. The strata shown in 
connection with the coal at this point are as follows. 
FEET. INCHES 
7., Shale, black, higbly pituminous_______ ,3 
6. Coal._~________________________________ 7 
5. Shale, bituminous,argilliJ,ceous________ 2 
4. Limerock, impure, shaly;" caprock" __ 1 
Coal, 2 to 4 feet, averaging_____________ 2 6 
2. Fire clay . __ ~ __ . _____ .,. __ ~-- _,,_"_~ __ ____ 5 
1. - Sliale, exposed __________ .:, __________ --- 1 
.. -
FIG. 25. Section in McBirnie sha.tt. Boonsborough. 
. " 
[j The vein.lIl:ined probably belongs to the same h~ri~on as the 
upper vein in the preceding mines. The bipartite character 
of the se&m confirms this view:. '. Opened in the same vein are 
a number of other mines, though at present they are not in 
operation. Among these may be mentioned the Flock and 
Clark mines, and the 1icBirnie and N eisoo shaft. Between 
,the McBirnie shaft and the Johnson'mines two or three mines 
have been opened recently. 
The most important of these is a sh~ft operated by the,Zi:J;n-
bleman. Coal and Mining company. This shaft is located about 
one mile from Boonesboro (Tp. 84; R. ,XXVI W., Sec.aO). 
The plant is equipped witp. modern machinery and mining is 
carried on according to the' most approved methods. The 
l 
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seam worked and its including strata are essentially the same 
as at the Heap and McBirnie shafts. 
FRASER DISTRICT. 
About three miles north of the Milford area is the town of 
Fraser, which but recently has become the seat of. consider-
able activity in coal mining. In 1893 the Boone Valley Coal 
& Railway company opened a mine (Tp. 85, N., R. XXVII 
W., Sec. 34, Sw. qr.). Several shafts have been sunkin'the river 
. . 
bottom and mining operations are being vigorously pushed. 
The seam worked at this point has a thickness of from two to 
three feet and is probably the homologue of the "upper" vein 
represented farther down the river. This seam is popularly 
kuown among niiners wlierevero it occurs as the "black jack" 
vein. This mine is provided with all modern improvements 
and finds convenient outlet for its products over a spur of the 
Minneapolis & St. Louis railroad. One mile north of Fraser 
on the right bank of the river are the Wilson and Zunkle mines 
(Tp. 85, N., R. XXVII W;, Secs.26 and 27). These are shafts 
50 and 80 feet in depth respectively. They reach the same 
vein, which averages abopt three feet in thickness, and can 
probably be correlated safely with the. "upper" vein.of the 
Milford-Boonesboro area. The last two mines are 04ly active 
during the winter months to supply fuel for the immediate 
vicinity. Although some prospecting has been done.. to the 
p.orth of this, no mines have yet been opened within the limits 
of the county in that direction. 
SQUAW OREEK VALLEY. 
Considerable mining has been carried on in the vicinity of 
Zenorsville, in the eastern part of the county. The principal 
mines are three in number. The Hutchinson NO. 1 (Tp. 84, N., 
R. XXV vV., Sec. 12, Se. qr., Nw. i) is a shaft 125 feet deep 
with coal 28 inches in thickness. The section of the shaft is 
as follows. 
FEET. 
11. Soil, gray and sandy __ ~ _________________________ ~__ 1 
10. Olay, joint _________________________________________ 40 
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FEET. 
9. Shale, bluish_______________________________________ 53 
8. Shale, light-colored __ ,.. ___________ ,_~ ____ ____ ____ __ 1 
7. Shale, bituminous; fissile below ___ ~_______ ________ 2 
6. Coal __ , _________________________ .---'-.,- _________ .. __ 2 
5. Fire clay __ ~ ___________ . _____________________ ~______ 3 
"4. Sandstone, rather soft a:ridfriabJ.e __ ., ____ ~-__________ 2 
3. Shale, lighter colored ______________ .:._______________ 4 
2.' Shale, dark bituminous~ _______ .,.-------. _.;.________ _ 3 
l. Coal ______ , _____________________________________ -_'___ l' 
Hutchinson shaft No.2 is located about 300 ,yards to the 
northward. 'It is on lower ground and is 105 fee~ in depth. 
The coal is nearly four feet ill thickness. There is an upper 
vein present at this point abolit six feet above the lower, the 
latter only being mined. The section at the base of the shaft' 
is shown in the annexed figure. - " 
,FEET. 
7. Shale, bituminous fissile ___ ~ __ _ 3 
6. Coal, one t{) three feet, "upper vein II __ ~ _____ ,.._~_ 2 
5. Fire clay _________________________ ~ _____ _, _______ , 3 
4. Shale, bituminous______ __ _ _ __ ____ __ ___ _ __ __ __ ____ 3 
3. Coal," lower vein" .~ __ ~ ____________ ~~~ ______ ':_-'__ 4-
2. Fire clay -____________ ' __ .;.~ _________________________ ,2 
1. Sandstone, exposed ______ ~_______________________ 1 
Figure 26. Coal bed iIi. Hutchinson mine, ne,ar Squaw creek., Zenorsville. 
Northeast of the Hutchinson mine about~ quarter of affiile 
are the York and the Clemens mines, which at the present 
time are not in operation. 
ANGUS MINES. 
In the extreme southwestern portion of Boone county is a 
region. wbich a few years ago was one of the most important 
mining localities in the state. It forms a part of the district 
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which lies in portions of three counties; Boone, Dallas and 
Greene. The"leading mines, however, were located in Boone. 
Altogether upwards of a score of shafts have been operated 
here. At the presetlt time only a few are working, the prin-
cipal ones running being the Angus and Dalby mines. Con-
" siderable confusion exists as to the exact correlation of the 
coal seams. There is one which is worked in the Angus mine 
and was formerly worked in~. the" Craig, Ramsey and Panic 
shafts. Above this is a thinner seam which has also been 
worked to some extent in the Craig and the Hagger mines. 
This is·the same vein which is said to crop out in the bluffs 
of the Raccoon river a few miles to the westward, but there 
is considerable doubt as to the correctness of the correlation. 
Lower down than the chief bed worked at the Angus mine is 
another seam which has been opened ·in the Dalby shaft. 
o • l :. . 
Beneath the first mentioned seam there has been reported a 
.third coal bed, which, though not yet worked, has·"been 
encountered in borings. Other veins are also known to exist 
but none have ye.t been found ,thick enough for profitable" 
working. The" third" seam is five and one-half feet in thick-
ness according to the best information obtainable, and is 
located at a Q.epth of ninety feet "below the bed <?pened in 
the Keystone mine~ All the mines are situated southwest of 
. the Angus station. Drillings show'that the seams extend 
beneath the· town, but they are some,what thinner and the 
roof is poor. .A shaft put down east of the place was flooded 
after working but a short time. 
The Angus mine; one of the . largest now" in operation, is 
located a short distance from Angus station (Tp. 82 N., R. 
XXVII W., Sec. 31, Nw. qr., Nw. i). It is a shaft fifty feet 
in depth,and is thought to be working in the "middle" seam. 
The coal is from three and one-~alf to five feet in thickness, 
with an average of about four feet. The section shows the 
following beds. 
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FEET. 
9. Shale, light colored; exposed_________________ 5-
8. Shale, bituminous, iJ?durated ________________ ~_ 4 
7. CoaL _________ ~_ -_~~ ______________ '~__ ___ ____ ____ 3 
6. Fire clay and shale ___ ;.. ________________________ 12 
5. Coar _ ~ ______________ , _ _ _ _ _ _ _ _ _ ______ c __ c _ _ _ _ __ 4 
4. Fire clay_~ __ ---;..--.---- .---_'-______ __________ 3 
3. Shale, bituminous below, light colored above 20 
2_ Coal ______________________________________ ' __ ~'_ 5 
1. Fire clay ___________________ " _____________ c_ _ _ 3 
Figure 27. Section in shaft in Angus mine. Angus. 
The seam is quite undulatory. A few faults have been met 
with and also several "horsebacks." Half a mile south of 
the Angus mine is the Dalby. This mine is a shaft 120 feet 
deep and works in the "lower" vein. The seam is from 
three, to. four and one-half feet in thickness; the roof is a 
hard, black shale and sandstone;. but is in some places, rather 
poor; the bed is somewhat undulatory, faults are rare. The 
bottom of the shaft shows the following beds: 
FEET. INCHES. 
5. Sandstone, compact, massive; exposed____ 1 
4. Shale, black, indurated, "black jack" _ _ _ 5 
~' 
3. Coal __________________________________ ,_" __ 3 5 
2. Shale, bituminQus __ .. _~__________________ 2 
1. Fire clay, exposed ______ ______ ____ ______ _ 2 
Figure 28. Coal bed in Dalby shaft. Angus. 
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In several places a soft fire clay is found pressing up into 
the entry forming "'creeps," one of which,is!represented in 
the accompanying figure 29. 
FIG. 29. "Creep" in'Dalby mine. Angus 
During the summer of 1883 several prospect holes were put 
down.near £heBoone county line in Greene county (Tp. 82 
N., R. XXIX W., Secs. 10 and 11). The following composite 
section represents the-sequence of strata. 
: 
- -
FEET INCHES5 
24. Soil and yellow clay ____ . __ ; ______________ 14 
23:. Clay, blue ________________________________ 25 
22. Soil and graveL_.:. _________________ ._____ 6 
2L Clay, argillaceous, blue below. ___________ 21 
20. Sand, water-bearing ____ ______ __ __ ____ ____ 1 
19. Shale, light~colored.-------------~------- 4 
18. Shale, dark____ ____ _ ___ ____ ___ _ _ _ ________ 5 6 
17. Shale, compact, brittle. __________________ 8 
16. Shale, gray, blue; bituminous below __ ~___ 3 6 
15. Coal (coal blossom· or miners) ______ ..:______ 1 
14. Fire clay_________________________________ 2 
13. Shale, ash-colored _______________________ 7 
]2. 
11. 
10. 
9. 
8. 
7. 
6. 
5. 
4. 
3. 
2. 
1. 
Shale, bituminous, fissile below __________3 
Coal, somewhat shaly above______________ 6 
Fire clay and light colored shale ________ -~ 8 
Shale, black ________________________ • ____ 2 
Shale, brittle, compact __________________ 1 6 
Coal _______________________ ~------------- 7 
Shale, strongly bituminous, hard_________ 3 
Sandstone._______________________________ 4 
Shale, ash-colored________________________ 3 6 
Shale, black,' bituminous _____________ -____ 6 
Coal __________________ -___________________ 1 
Fire clay _________ -:_______________________ 2 
.. 
• 
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Four seams of coal were penetrated in this area, yet none· 
were of sufficient thickness to warrant the beginning of min-
ing operations., 
SUMMARY. 
All of..the coal beds, now mined in theD.es-MQinesvall(~yin 
Boone cotinty lIl:1y.be ref(irfed tentlitivelytQthree<horizoJis. 
The first:has an elevation of from fifty :to'seveJ;ltyf~et above 
the water' inthepes:Moines river,andis:'the")16d>operated at 
the KhoxaIidPorterslopes" in thEfsouthern'p'6rtidn of ,the 
county, and thedrift's along Honey creek ili;t:~e-6~ntralarea. 
This horizon is usually ov~rlain bya"'caprock""of hard, 
brittle,calcareous shale which contains in abundance the 
remains' of a marine fauna-Rnyrichonella, ;Discina ati'd Pro-
ductus are the more common genera represented. , , 
The second horizon occurs some', fifty feet below the first 
and is the most persistent seam in the county. It is cur-
rently known" as the "upper vein," or "black jack.',' 'The 
former name is in contradistinction to alower vein which some-
, . times accompanies it; the latter name is often applied to it' on 
account of its semi-lustrous jet-black color and somewhat ' 
bony character. This seam is operated at the Blyth drift, 
and in the Moingona, Boonesboro, Milford and Fr~ser areas. 
It is usually provided with a good roof and carries its thick-
ness well-, two essentials to profitable mining. The roof 
shale often contains well preserved specimens of the genus 
Lingula.~ 
The third horizon occurs from four to twelve feet below the 
second and is usually denominated the "lower vein. " The 
distribution of coal in this seam is somewhat anomalous; the, 
coal usually occurs in lens-shaped masses (pockets) of lim-
ited extent. The roof is fairly good, but often contains 
numerous septarian nod-q.les and clay ironstone concretions, 
which render m~ning somewhat hazardous unless dueprecau-
tions are observed. The product of this vein is much sought 
for furnace and domestic use and commands the highest 
market price. At the present time the production of this 
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• 1 is almost wholly limited to the Boonesboro-Milford area. 
The regions away from the Des Moines a:ff<?rd but little 
data fo~ their correlation with the central region. On litho-
logical grounds, and because of the similarity in association 
. of strata and of elevations, the seams worked in the Squaw 
. creek basin may be referred with some degree of confidence 
to the :,secon,d and third horizons in the Des Moines valley, 
probably being an eastward 'extension of that basin. Suffi-
cient ~ata are not at hand to, attempt a c~rrelation of the 
b~ds oper~ted ~tAngus with those of the above regions. 
, . 
CHEMICAL ANALYSES OF BOONE COUNTY COALS. 
Experience has shown that it is impossible to formulate the 
, criteria upon which the absolute value of a coal depends.Cer-
tai~: properties may not prove detrimental to the use of a coal 
for one purpose and yet seriously detract from -its usefulness 
for another. , Chemically, a coal usually is considered desira-
'able if it contains high percentages of fixed carbon and of 
.' hydrocarbons, and ~ow percentages of water, ashand sulphur. 
The subjoined analyses* may be' considered representative of 
the principal Boone county coals. 
1 
la 
2 
3 
,.c ..ci 
~ S ~ 8 ~..ci a3 COAL. ....::....Q 
• ~. a3 <l) p.. P-O ..p ~ ~ Co) ..!d r-I r-I 
'f:" 0 00 0 0 ~ ~ ~ ~ ~ > ~ 0 m 00 
Angus mine average ' 8.62 82.75 8.621 38.33 44.41 53.05 2.59 0.08 
Dalby mine average- _ 2,8488.36 8~12143~08 45.29 54.0g I 4.33 0.14 
Boonesboro ,average 12.3781.90 5.87\48.24 43. 72 4~.41 ___________ _ 
Fraser ._~.,. ________ ~- 14.77 73.7111.48 3767 36.05 4/.53 2.76 0.19 
COAL LANDS. 
To say that the entire region under consideration is under-
lain by the coal measures does not predicate that coal, in work-
able amounts, is universally distributed throughout Boone 
county. Suffi,cient data are not at hand to delimit the known 
*Analyses-Nos.l and 2 were made by the survey and published in Vol. II, p. 505; No.2 is 
taken from White's Report, Vol. II, pp. 390-391; No.3 was made by the Department of Agricul-
tural Chemistry of the Iowa Experiment Station. . 
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coalbasiils, but certain it is that they have a much wid. 
range than is suspected at the present time.' Systematic· 
prospectins- has been confined almost wholly. to' the Des 
Mo~esvalley in the north central portion of th~ county, 
although the strata have been explored over very limited 
areas :in the vicinity of Angus and Zenorsville.F'ullyfifteen-
sixteehthsof the area of the county remains' unexplored and 
offers an attractive field for the prospector .. The di<;lmond 
coredriil would be found a valuable adjunct to the equipment 
of the progressive operator, and a· judicious ,use of this 
instrument. in the further development of the coal mining 
industry in Boone county would, undoubtedly, be rewarded 
with adequate returns. .. 
The land now owned or leased 9Y mining companies, ~nd, 
. therefore, pr~perly . considered as under develotnnent, are 
indicated: on the map accompanying' this report. The ,hold-
ingsof the different companies'are indicated by number~cor­
responding to those in the follo'wing list. 
1. Boone Valley Coal & Railway Co. 
2. Moingona Coal Co; 
. 3. Clyde Coal & Mining Co . 
4. Crow & Marshall Coal & Mining Co. 
5. Milford Coal & Mining Co. 
6. W. D. Johnson Coal & Mining Co.· 
7. Gard en Hill Coal &. Mining Co. 
8. Zimbleman Coal & Mining Co. 
9. James Wilson. 
··10. Mi,neral Ridge Coal Mining Co. 
11. Joseph York. 
12. Hutchinson Bros. & Son. 
13. . J. Clemmens ... ., 
14. W. Zenor. 
15. . Highland Chief Mine. 
~ 
16. Riverside Coal Co. 
17. W. D. Morgan. 
18. Porter Bros 
19. Knox Bros. 
1a. Excelsior Coal Co. 
2a. Climax Coal Co. 
3a; North Angus Town Lot & Coal Co. 
4a. Angus Coal Co. 
5a. Standard Coal Co. 
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BUILDING STONE. 
But little has been done to develop the quarry industries 
of the county. As a rule the soft, incoherent character of 
the coal measure s~rata does not warrant the outlay of capi-
tal necessary in opening up quarries. At two or three points 
along the Des Moines river some quarrying has been done 
from time to time, the product being utilized in the rougher 
grades of masonry in the inimediate vicinity. West of Mad-
rid a calciferous sandstone has been quarried intermittently 
for more than a third of a century. Some of the stone used 
in the construction of the old court house in Des 110ines is 
said to have been derived from this source (Section 11, No.2), 
In the central portion of the county the" Ledge" sandstone 
affords an abundance of constructional material which ought 
to receive more attention than has been accorded it heretofore. 
In the main it is a soft, buff to reddish sandstone or freesto~e, 
containing large concretions, which are highly refractory and 
some of whichmay be quarried advantageously. That. even 
the matrix which holds these ferJ;'uginous or quartzitic concre-
tions withstands weathering agencies is abundantly attested 
by the mural walls which nave resisted the elements for thou-
sands of years. This rock, when properly selected, will be 
found durable for above ground and above water structures, 
and its somewhat open texture will hold the mortar well. 
Although the older strata furnish SOUle valuable stone for 
constructional purposes, yet this is not the most important 
source. The great ice incursion made a generous contri-
bution to the building mat.erials of the region. Numerous 
boulders·, some of which are of enormous size, are distributed 
over most 'of the county and are especially plentiful in the 
morainal area. The prevailing types are gray and red gran-
ites and red quartzites. An abundance of material suitable 
for foun4ations, roads, and monumental purposes is -afforded. 
As a rule the economic importance of these stepping stones to 
wealth is not appreciated by the inhabitants and but feeble 
attempts have been made toward their utilization. 
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LIME AND CEMENT . 
. . There are no limekilns or cement works within the borders 
of the county. Certain argillaceouslitnestones are present in 
the coal measures which might be made into\ia hydraulic cement 
of acceptable quality .. Such deposits are of limited extent and 
not readily accessible. . 
CLAYR· 
No county in the state ·is more bollntifully supplied with 
clays of good qua1ity, suitable for structural and ornamental ... 
purposes, than Boone. Clay shales and bituminous shah~s .. of 
the coal measures are abundantly· exposed especially along . 
the Des Moines· river and its tributaries' south and west of 
~ . . . . 
Boonesboro. To the southward theyareeut by the' 'Ledge" ' . 
. sandst?ne, but they reappear fartherdoWh the -river~ The 
coal measur~s are overlain by a thick deposit of glacial debris, 
which iseomp?sed largely of calcareous clays. The upper 
drift, however,~a~ been altered and the superficial covering,. 
toa depth· of :from two to five' feet, is now a siliceous, brown 
. to grayish, somewhat al~llvial-like soiL. .. 
Along the Des·. Moines the usual bottom land prevails. 
Near the stream the strictly alluvial character is noticed,hut 
. towards the slopes mucp, of the 'slightly c9-anged lime-bearing 
drift clay mixed with loamy material occurs a few feet beneath 
. the alluviai surface. 
At the present time the mimerous clay-working factories in 
Boone county utilize the alluvium, the drift soil and.the coal 
1I\easure shales.. The·first of.these has been adopted bysev-. 
eral of the· brick makers at and in·the vicinity of .. Moingona. 
The drift soil is being extensively used at the yards west and 
southwest of Boone, and the shale cl!1Ys at points east of the 
river in the same region. Only common structural brick are 
made of the 'll:nconsolidated clays, but the indurated beds are 
.successfully manufactured into different grades of· building 
brick, fire brick, tile and pottery. 
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BOONE CLAY WORKS. 
The Boone clay works are located in the extreme south-
. west corner of Des Moines township, about two arid one-half 
miles from the county seat. This factory was started during 
the latter part of the summer of 1889 by J. B. McHouse, 
present proprietor. A No. 2 kiln was used the first three 
years; at the end of this time the works were enlarged and a 
No. ! put in .. A dry pa:rimade by the Des Moines Manurac-
turingCo. is used in pulverizing the raw material. 
FIG. 30. Olay pit of Boone Olay Works. 
The coal measure shales are· developed here, and wrought 
into draju tile, sidewalk blocks, structural and fire brick. 
The rollowing section is descriptive of the bank exposed. 
FEET. 
9. Drift ______________________ · _____ . ___________________ 15+ 
8. Potters clay _______________ • _______________________ It 
7. Clay shale, stee~-colored _______ .:.~_________________ 2 
6. Clay shale, gritty, ash-colored, iron-stained in the 
upper part _______________ . ______ ____ __ _ _____ _ _ _ _ 4 
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FEET. 
5. Clay shale, colored red,blue and gray~ ____________ 12 
4. Shale, deep red) ochreous band____________________ t 
3. Clay shale, similar to 2~ __________________________ . 2 
2. Fire clay _________ ~ __ -_ - ___ - -____ -____ '- ____________ H 
1.' Shale, impure (exposed) _________________________ ~_ 3 
The above relations are shown in Fig; 30, taken from a pho-
tograph. . The drift. clay, which a[:>ounds in nodules of lime 
and hard pebbles, must be removed .. Of the under clays, No. 3 
is the principal clay used. It is of excellent quality and con-
,tarns sufficient iron to give a good color to the finished pro-
ducts. The bottom clay is used in making fire brick-These 
'command a fair price, and recently the output 'has ,been 
greatly increased. The entire bed is above the water level 
of t1J.e small branch which flows near byarrd is e~tirely?vail~ , 
'able after the stripping is removed. Work at this point is 
c~rried on in a veryexpeditiousmanner.' No loss is sustained 
through the ware checkIng as it becomes freed of its moist-
ure. Drain tile is the principal product . 
. :800N1~ PAVINGCO.r.rP ANY'. 
- :., ,- '-, 
The works of this c9mpatiy., ,are located on the 8ummitof 
the bluffs along the Des'Moiti~s river, near th.e'¢xtt~11l,ity of 
the Shepardtown switch of the Chicago &.N orthweste:rrl:,r~il­
:way. Work was begun here ~everal years ago, but~;tl{~ough 
inadvertence rather than any other ,cause, the effol't was not 
a success. During: 1~91and 1892 the plant was idle. Since 
then the paving company: has introduced new machinery, and 
at the present time is engaged in the manufacture of pavers 
of acceptable quality. The clay used belongs to the coal 
measures and is taken from a few feet· above the river. It is 
raised on an incline to the works. 'J;he stripping necessitat.~d 
is great. Over the clays desired there lies, perhaps, fifty feet 
of glacial debris, consisting mainly of sane and sandy clay 
abounding in lime concretions. It is impossible to mine the 
clay without removing the drif~, since there is no adequate 
roof., However, the position of the bank renders stripping 
~.:" 
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possible with a minimum expenditure of labor. At the base 
of the drift the section is: 
FEET. 
5. Clay shale, gray, rather pure; bituminous_ _ ____ ____ 2t 
4. Clay shales, gray, rather pure; bituminous parting 
at the base ____________________ ' ______ • _________ ~ _ _ 1 
3. Clay shales, upper part white, pure; 'lower part 
somewhat variegated __________ . ___ __ _ _ ___ __ _ _ __ __ 3 
2. Limestone, impure fossiliferous.____________________ i-
1. Clay shales, colort-ht gray________________________ 5 
All of the above beds, excepting No.2, can be utilized in' 
making various products, but at present are used exclusively 
in the manufacture of pa-ving brick. The clay is first treated 
by a Des Moines dry pan, then it is transferred to a Frey-
Sheckler machine. The product is burned in a Eudaly kiln, 
holding 125,000, or in one or two ordinary down draft kilns, 
with a capacity of 26,000 each. The brick have been used in 
paving some of the principal streets of the city of Boone. 
THE N. W. GRI]'FEE POTTERY WORKS. 
,This plant is located in West ;Boone. Pottery making was 
begun here nearly thirty years ago, and during the last quarter 
, tel' ofa century the factory has been under the present man-
agement. The raw material is obtained from the ,east bank 
of Diamond Hollow, about one-third of a mile eastward from 
the Des lIIoines river. The bed worked is buttwofeet thick. 
The upper two or three inches areo~ a dark gray color, and 
of good quality; under this is a buff, siliceous clay, sandier in 
, the lower portion. ' A mixture of the two gi'ades affords the, 
best results. Over the clay lies a limestone ledge, which 
serves as a roof, the clay being mined by drifting into the 
side of the hill. Under the clay a sandstone appears. One 
ordinary down" draft rectangular potters' kiln is used for 
burning.. ,The product consi~ts of the ordinary vessels in 
various sizes, and shapes, the extreme capacities being one 
quart to tw~nty' gallons. In addition to the plain ware, 
fancy ornamental pieces and toys are made. A ready market 
is found for the finished product at various points along the 
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Chicago & Northwestern railway and branches, between :Mar-
shall town and Council Bluffs. 
Other pottery works have existed in this locality, but at 
present the plant just described is the only one in operation. 
THE JACOB YEGGE BRICKYARD. 
This yard is located on the level upland, about one mile 
.southwest of Boonesboro. The ~terial used is known as 
"white oak" clay. On the surface it appears to be a light 
colored soil, which becomes brownish below. It can be used 
to a depth of perhaps two feet. The deposit is followed by a 
yellow, jointed, somewhat gravelly clay, which contains 
numerous particles and concretions of lime. Thebrick,the 
only product made, are moulded by hand, dried on the yard 
. and burned in cased kilns, the largest kiln holding 442,000 
brick. Four days are required for weathering and about five 
to burn the brick properly. 
In the vicinity of Boonesboro, F. Bowman, Dean & Bowman, . 
S. Smiley, J. Benson and L. Stephens operate brickyards. 
At all of these yards the raw material is of the same char-
acter as that utilized at· the Yegge works. The methods 
employed in preparing, drying and burning the product are 
essentially the same. 1foreover, the bricks themselves are 
almost identical with those of the Yegge yard. It seems, 
therefore, unnecessary to give separate descriptions of each 
plant." The F. Wilcox yard, between Moingona and Ogden, 
may be classed in the same category. T. Franklin started ~ 
small brickyard on the east side. of the river and may also 
make some pottery .. The clay used is th~ same as at Griffee's. 
THE SLATER yARD 
Mr. Slater was the pioneer brick maker at Moingona. He 
opened a plant in the_ southwestern part of town as early 
as 1866. Work has been prosecuted ever since, but, until 
six or seven years ago, only sand-rolled brick were made. 
Machinery was then introduced and used for several years, 
but at present the greater proportion of the product is made 
Q 
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by hand. The ·'white oak" clay for the hand-made brick is 
similar to that at Boonesboro, and is taken from the hilltop 
just south of the works. A few buff-colored bricks have been 
made from an almost white shale of good quality, which is 
exposed in a ravine near by. The dry-press brick were 
manufacture.d from a red shale .. This shale outcrops near 
shaft No; 6 of the Moingona Coal company, and varies from 
three to six feet in thickness. This clay burns to a bright 
cherry-red color. 
THE EVERET·r YARD. 
This comparatively new plant is located just southwest of 
the Chicago & Northwestern depot at .Moingona. The raw 
material is taken from what~might properly be called the 
"second bottom" deposi.t. The stratum utili.zed varies from. 
one to five feet in thickness and is of a yellow to brown color . 
.. In texture it is somewhat sandy, yet rather strong, and grades 
upward into the surface soil, all of which is being utilized with 
good results . 
. There are three other manufacturers of clay products in 
this vicinity; two are ne~r the station, the Erickson, and the 
McCloud & Carpenter, and a third is about a mile and a half 
southeast of town on the east side of the Des Moines. The 
last named factory is owned by S. Boles, who uses a clay 
essentially the same as that at the Everett bank.. Both of 
those near the station use a loamy material. The Erickson 
clay belongs to a more recent deposit and is by no means 
:st:rong. Attempts have been made to use the yellow under 
clay from the second bottom which lies below that used at the 
McCloud & Carpenter yard. An such attempts have proved 
futile on account of the excess of lime. The methods employed 
at these yards are similar. The brick, which are known as sand-
rolled, are dried in the yard and burned in cased kilns. The 
color of the product is almost invariably good. 
Small brick yards have been opened at several points along 
the river north of Moingona, but in material used, methods 
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pursued and the final product are essentially the same as In 
those just described. 
G. ECKERT YARD. 
In 1893 this small plant was established at Madrid and has 
been operated continuously since. It is located about three,. 
fourths of a mile southwestward from the town. The material 
used is a rather sandy drift soil about two feet iI). thickness. 
The brick are hand-moulded and burned in temporary cased 
kilns. L, L. Wheeler also operates a small yard in this vicinity. 
SOILS. 
As has been said the drift c01p-pletely mantles the county 
and hence the soil is a heterog~neous mixture of sand, clay 
and vegetable humus, and bears no relation ,to the country 
rock. Although the surface materials have an extraneous 
origin and are of a composite nature, yet several well marked 
types may be distinguished. The principal streams are 
flanked on either side by alluvium, varying from a few inches , 
to several feet in depth. The soil, contains a considerable 
percentage of sand and is a quick, warm soil often highly pro-
ductive. The crests of the bluffs adjoining the Des Moines 
valley and an area extending sollie distance inland are capped 
with a gray, ash-colored soil (white oak soil). The timber 
limit is almost coincident with the distribution of this type. 
The upland region which comprises seven-eighths of the area 
of the county is covered with a thick layer of grayish-brown. 
to black, sandy loam. 
In many cases, especially in the we.stern half of the county, 
the soil is so heavily charged with humus it attains a jet 
black color and is extremely c19se-textured. On account of 
its great reten~ive power as regards water, it is often imper-
fectly ·dr;:tined and -is not considered arable. Nearly one-
fourth of the superficial area of the county remains untilled 
because of imperfect ventilation and drainage. To show 
that such soil does not lack the proper chemical constituents, 
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but that its apparent worthlessness is due to physical con-
ditions, the following analyses are appended. * 
\PHOSPHORIC ACID POTASH. I NITROGEN. P20 5 I 
.:: ,...'0 .:: ,...rd 
\ 
'::'0 
'rl ·~·a ·rl ·~·S 4r-i-5 
Cll q) ce Cll Cll ce q)c<l 
:0'-< ~c.l .-< .-Ic.l ...... c.l 
..c ." ..c'-< ..c ." ,....:; ..c ." ;::lO H ;::lO ~.B ce ;..;:J~ ;::lop 
oP:j ~'rl O;:q .-I ..... op ,.......;.;-1 JjO ciS Q 0 ciS:"; ill ill I E-i 
--------------
----I 1.' Upland, well drained _ - 0.20 0.0118 0.27 0.0039 0.1,91 0.0032 
2. Upland, poorly drained- 0.15 0.00235 0.33 0.0060 I 0.3U1 0.0150 
The analyses require but little . comment; the relative 
value of the two soils represented by the samples considered, 
measured in terms of available plant food is plainly evident, 
yet sample 2, was taken from supposedly the poorest land in 
the region. 
Whitney bas shown that the productiveness of' a soil 
depends evenin a greater degree upon its texture and physi-
caL constitution than upon its chemical composition. The 
apparent need of a considerable area of the county is the 
introduction of tile drains. By such means thousands of acres 
might easily be rendered tractable, and would soon become 
the most productive land in the region. Tile could readily 
be produced in the immediate vicinity, for no county possesses 
a greater amount of clay 'suitable for the purpose. 
ROAD MATERIALS. 
Sand and gravel knolls are not uncommon over the county, 
and these taken in conjunction with the stream sands and 
gravels afford an abundance of road material. The above 
sources also furnish an adequate supply of sand suitable for 
building purposes. 
ARTESIAN. WATERS. 
The deep well in the city of Boone demonstrates the 
impi'obability of being able to obtain a flow froID. the great 
* The above analyses were taken from a paper entitled The Chemical AnalYSES of Soils, 
by Prof. G. E Patrick, Iowa Acad. Sci., vol. n, p. 65. Des Maines, 1895. The samples we1"e 
taken in Pocahontas county where the relations are similar to those in Boone. 
I 
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. sandstone formations of the lower Paleozoic. Of the drift 
wells, there are two well marked artesian basins represented 
. in the county; the Beaver creek basin and the area drained 
by Squaw creek. All of the wells in these two areas afford 
but weak flows, yet the amount of water is sufficient for local 
consumption. The water is usually highly tinctured with 
salts of iron, but not in sufficient quantities to seriously inter-
. ferewith its use for domestic purposes, and it seems to have 
no deleterious effects on stock:.·· These wells range from 50 
to 150 feet in' depth.. In other portions of the county good 
water is generally obtained at a depth of from 20 to 150 feet. 
MINERALS. 
Py1oite.-The coal measure shales affor:d an abundance of. 
pyrite crystals, some of which reach a high degree of per-
fection. . They usually oceur as parallel growths and often 
form masses of considerable size composed of sub-individuals. 
The pyritohedron is the prevailing type. 
Gypsum.-Good crystals of. selenite are often encountered 
in the lower . members of the drift .. They usually occur in 
seams one. or two inches in width, composed largely of "swal-
low tailed" twins. Gypsum is also not uncommon in the coal 
measures, filling interstices 'in shale, and it often appears as 
thin, white, semi-translucent partingsoin the Goal itself. 
Oalcite.-. This mineral in the crystalline form is rarely found 
in tbislocality. It enters largely into the formation of parti-
tions in the septarian nodules and often occurs in small 
amounts in certain sandstones and shales. One of the most 
interesting forms assumed by calcium carbonate is that popu-
larly known as cone-in.,cone.Beautiful examples of this 
structure are found in the argillace~ous sbal~s along the :pes 
Moines. river near M~drid~ This occurrence was noted by 
Owen* during his ascent of the Des Moines river in 1849. He 
·describes it as "a band of translucent calcareous spar; having 
the prismatic structure of aragonite, and the fibrous prisms 
*Geol. of Wis., la. and Minn., p. 123. 
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collected, however, into perfect conical bundles, with the apex 
of the cone turned eithe~' directly downward, or sometimes' 
upwards, the external surface of the cones crimped, possessing' 
in fact, at the same time, the most perfect tutenmerqel struct-
l1re~ as if produced by some combined process of stalactitic . 
infiltration and simultaneo~s crystallization." The cone-in-
cone seam occurs some twenty feet above low water !lnd vades 
. from one and a half to three inches in thickness. It is practi-
cally parallel to the enclosing strata and gradually thins out· 
and disappears laterally. A chemical examination by Prof. 
FIG, 31. Undisturbed CO!les in ·the lower :portion with several detached cones above, 
G. E. Patrick proves the substance to be essentially calcium 
carbonate (Ca COa-83. 12 per cent.) contrary to the opinion 
ofpr. Owen who believed it to be the sulphate. 
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CHARACTER AND DISTRIBUTION OF FOREST TREES 
AND, SHRUBS IN BOONE COUNTY ~- -,-
BY PROF. L. H. P AMMEL. 
Central Iowa is not -covered extensively with forest growth, 
and Boone county forms no exception to tlre rule. ~ts -tim-
bered area is, however: g'reater than that along the Skunk 
river in Story county,but fourteen miles: distant. . The tim-
bered portion of Boone county covers an area varying from 
three to six miles in width. -It is confined to the Des ~-foines 
river and its tributaries. 
Twofeat~res-,are especially noteworthy: :6,rst,.the tilllbered 
area of <the alluvial and sandy flood plain of the Des'Moines 
river and its larger tributaries; second, the timber occupying 
the hilly country, which consists of numerous valleys, eleva-
. ted ridges and hills. There is usually a, sharp demarkation 
of the species of th,e alluvial flood plain and the hilly country. 
The first area is occupied almost ~xclusively by the white 
elm (Vlnw8 amer·icana) and the - common cork elm (U: nwe-
lnosa) , soft maple (Ace)' clasycaT'Jjum) , box elder CA. nequnclo) , 
cottonwood (Populus monilijera), black walnut (Juqlans niq1'a), 
willow (Salix sps.), and green ash (J.H'raxinu8 -viridis, F. sam- -
bucijolia). 
TREES AND SHRUBS. . 233 
Among the hills the dominant trees are red oak (QUm'CU8 
pubra) , bur oak (Q. mctcrocarpa), white oak (Q. alba), chest-
nut oak (Q. muhlenberqii), green ash and white elm less 
commonly than along the river, butternut (Juqlans cinerea,), 
shell-bark hickory (Octrya alba) and bitternut (0. (f/fiwnt). 
On steep hillsides facing the river, ironwood (OctTpinu8 Ca1'-
oliniana) and hop hornbeam (Ostrya virqinica) occur. Slip-
pery elm (Ulmus fulva) is abundant. In thickets, Prnnus 
americana, P. virqinianct, PyJ'U8 coronal'ia, Orat(l3qu8 mollis, 
O. punctatCt, Oornus ctlternifolia and Vibw'num pubescens are 
also common to the bluffs. 
Without doubt the soil bears an important relation to the 
kind of tree or shrub produced, and, to a certain extent, the 
soil and geological formation is an index to plant lifeo': Most 
collectors in North America have given this subject very 
little attention. 
rrhe appended list of shrubs and trees found in Boone 
county, is in part represented by specimens in the Agri-
cultural college herbarium .. The remaining plants on the 
the list are inserted from observations by the writer, Dr. S . 
. W. Beyer, or Messrs. Sirrine and' Oarver. In arrangement 
and synonomy Gray's Manual, sixth edition, has generally 
been followed. 
ANGIOSPERMS DICOTYLEDONJE. 
TILIACElE .. 
Tiliaameric([;na L. 
Hills and second bottoms; abundant. 
RUTACElE. 
Xanthoxylum americanum :Mill. 
Abundant in hilly woods. 
CELASTRACElE. 
Oelastrus scandens L. 
Upland woods, frequently climbing over small trees and 
shrubs; highly ornamental. 
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Euonymu8 ai'l'OjYU'rpureus J acq. 
Common in woods and on second bottom. 
RHAMNACElE. 
Rhamml8 lanceolata Pursh. 
Local, in upland woods. (Carver.) 
Oeanothrusamel'iCanU8 _ L. - .. 
Dry woodlands and along' railroads on the prairies; 
abundant. 
O. ovatus Desf; 
Probably occurs on very dry drift soils; occurs in Story 
county. 
VITACElE. 
-Vitis j'1:pa1'ut Michx. 
Abup.dant in upland woods and bottoms, climbing6ver 
shrubs and large trees. 
A.mpelopsis quinquefolia _-- Michx. 
Abundant in woods, first and second bottoms and uplands; 
SAPINDACElE. 
Aesculusglabra Willd. 
-O~ second bottom~ and hiilsides~ "not uncOmmon. 
Acel' dasyca-T'J}'u,m Ehrh. 
Low grounds and alluvial bottoms; abundant. 
A. nigrum Torr. and Gray. 
Hills; abundant. 
lYequn'do aceroides Moench. 
Low, rich grounds; abundant. 
Staphylea trifolia L. . 
Upland woods and high banks. 
ANACARDIACElE. 
Rhus qlabra L. 
... 
Abundap.t along the border of the woods and dry, sterile 
grounds. 
R. toxiGodendronL. 
Low grounds and dry soil; abundant. 
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_. LEGUMINOSE. 
Ammpha caneseens N utt. 
__ Dry; sterile hills; abundant. 
A. j1'uticosa L. 
Common on low grounds and- along' streams. 
Robinia pseudacacia L. 
Introduced in places.' 
. iJymnocladus canadensis Lam. 
". C6mmon along'streams .. 
Gleditschia t1'iacanthos. L. 
Common along streams and Oil low grounds. 
ROSACE~. 
Prwws americana Marshall.-
Forp1ing thickets; abundant .. 
P. pennsylvanica L.· 
Valleys and rich woods;' infrequent. 
P. vi1'giniana L. 
Upland woods and steep banks; common. 
P. serotina Ehrb . 
. _Infrequent-in upland woods.' 
RubuB· occidentalis L. 
Dry hillsides and upland woods; . common. 
R. 'villosus Ait. 
Upland prairies;. abundant. 
-Rosa arkansana. Porter. 
Borders of woods and open prairies; abundant. 
Pjjl'US cO'l'OnmJ'ia L. 
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Common in the bottoms of all the smaller streams, form-
ing large ~hickets. - --
C1'ataegus1/wllis Torr. and ·Gray. 
Woods; frequent. 
a. tomentoS(t L. 
Frequent in upland-woods .. 
O. punctata J acq. 
Thickets, borders of woods- and second bottom. 
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Amelenchier canadensi8 Torr~ 'arid-Gray. 
Upland woods; frequent. 
SAXIFRAGACEA£. 
Ribe8 .cyno8 bati L. 
In woods ; not uncomp:ton. ,', 
, R. gracile·Michx. 
Low grounds in woods and open places,; abundant. 
R. jlo1"idum L'E:e~" , -- _' " 
Low- grounds, second bottoms and moist places -in uphind 
. woods; ,frequent. .,;, 
- - ,,0, ':~ CORNA.CElE. 
_ Om'nU8 pa/t/..iaulata L'Her. 
In upland woods; fr~quent. ' .. ~. 
0. alternijolia L. 'c-
Rocky woods; abundant near: the "Ledges. " 
SambUCU8 cctnadensisL. 
Bottoms; abunditttt: -' , ,. - .,: 
. ., '." 
Viburnum pube8cen,~Pursh. . , " ,_ ' _ 
Rocky woods and declivities'; ~abu~dan.f n~ar the' 'Ledges. " 
V. lentago L. - . -" ' 
Not uncorimiou' iilW6bds.'-)': -: -,:-' - ' - -, ,- ' 
SyrnjJhm'ic(t1pusoccid~ntalis Hook, 
Rocky woods ; common. ,,' -; 
Lonicera glauca Hill. ' 
Comm01J. iri"upla;nd, -m:6ist \Voods. 
,:,'1 :, ,..;, ',~ '-', --t." RUBlhqE,LE. 
..' Cephalanthu8 occidentalis _ L. 
Bottoms and sloughs; abundant.-
OLEACEJE. 
-
Fraxinus viridis Michx. 
Alluvial bottoms and upland woods; abundant. 
F. sambucijolia Lam. -
First and sedond bottofus;:'eommeii.-· ','-
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URTICACElE. 
, Ulmus fulva Michx. 
Abundan.t in upland woods. 
U. amel'icanct L~ , 
Vall~ys: of upland woods and low bottoms; abundant. 
u: 'l'acemosa Thomas. 
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This beautiful tree was only obse~~ved on the second bot-
, tOin,near the " Ledges." 
Celtis occ~dentaliS L. ' 
,Low alluvial bottbms;" Des Moines river. 
Hm"U8 I)"ubra" L. 
,Local; Des Moines river bottom; not 'common. 
" -' 
PLATANACElE. 
Platanu8 occidentalis L. 
Bottoms along Des Moines" river; hot uncomrp.on. 
JUGLAND~QElE. 
Juglans cinm'ea L. " " 
Second bottom and upland woods; abundant". " 
J.' nigra L. "" ". ", " " 1 , 
,," Common; rich soi~; sec()nd bottom and al~uvi~lbotf~ms 
of the larger stre~,m~. . 
Carya alba 'NutL 
" Upland woods; common. 
0. ctmara N utt. 
Common; upland woods; especially in :valleys and secollQ. 
bottoms. 
CUPULIFERlE. 
Oorylus' allU3J'icana Walt. 
"" JJpland woods; abundant. 
Ostrya virgiwica Willd. 
Abundant on exposed hills; "Ledges" and Moingona. 
Carpinus caroliniana Walt. 
Upland W90dS; rare. (Carver.) 
Quercu8 alba, L. 
Hills and ridges; cOIllmQn., 
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Q. rnacrocarpa Michx. 
Hills and ridges; common. 
Q. rnuhlenberqii Engelm. 
In valleys; fine, large trees;, ,COmmon. 
Q. rubra L," . 
In valleys, second bottoms and on ridges; abunda1;lt. 
'; .' . ,~ . " - . .. . ' 
Other species· of Quercus .ull(;loubtedly occur in the 
county, as they have been' obs~rvednear TIes Moines 
and Webster City. At,the la~ter- point -QIU3J'CUS texana 
Buckley has been collected. It is not improbable that 
this specie!?. and.Q .. cocein§a Wp,ng ,occur III Boone 
county. 
SALICACElE; 
Salix niq1'a Marsh. 
River banks· and all uvial bottoms; a bundant. 
S. longijolia M uhL 
Sandy banks of the Des Moines river; abundant. , 
S. hrumilis Marsh. ' 
Hills, praii~ies; freg\lent. 
S. Qordata Muhl. 
Probably occurs in swampy ground.. ReportedfromStory 
county by Hitchcock. (Catalogue Anthophytaand 
Pteridophyta of Ames, Iowa. ) 
Populus tremuloides Michx. 
. Upland woods;£requent. 
P. rrrandidentata Michx. 
Record has not been made of the occurrence of this 
species in the county, butT believe it occurs. 
P. rnonilijel'a Ait. . ~' . 
Abundant on alluvial and second bottoms; also near coal 
mines and on talus slopes. . 
MONOCOTYLEpON E. 
LILIA-CElE. 
Smilax hispida 1Iuhl. 
In rich, upland woods; infrequent. 
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GYMNOSPERM.LE. 
CONIFER.lE. 
Juniperus virqiniana L. 
High bluffs; local; occasionally a tree on the most 
exposed salients. Perhaps it was once more common 
than now. The only Conifer native to the county . 
.. 
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INTRODUCTION. 
LOOATION AND AREA. 
Woodbury county lies on the western border, well toward 
the northern corner of the state. It is within sixty-five 
miles of the north state line; Lyon, Sioux and Plymouth coun-
ties intervening. The latter county lies directly north of 
Woodbury, while Ida borders it on the east, and Monona 
county on the south. On. the west the Missouri river sep-
arates it from Nebraska, and the Big Sioux from South· 
Dakota. The county lies at the head of the great bend in the 
Missouri river, where the stream changes its easterly direc-
tion and starts. south on its journey to Kansas City. It 
includes a belt of country twenty-four miles wide stretching 
back from the river about thirty-six miles. Owing to the 
irregularities in the river boundary at the west, and the 
influence of correction lines in the northeast, it contains 
numerous fractional pIeces of land, the total area being860 
square.miles or considerably more than a half-million acres. 
PREVIOUS GEOLOGICAL WORK. 
The factor of loeation which so early made the chief city of 
the county a prominent trading post, its position at the turn-
ing point of the great river, has been equally potent in caus-
ing the early' geological study of the,region. The swinging 
of the river here to the extreme eastern limit of its valley has 
made numerous excellent exposures. These, in connection 
with the comparative ease with which they were visited, 
caused the earlier geological work in the region to start from 
tbis ·point. From the time when the Lewis and Clarke expe-
dition ascendeJ the river and collected fossils from these 
strata down to the present day. every geologist who has 
worked on . the region has studied the exposures near Sioux 
City. In the. future as in the past, if one would most easily 
andsur~ly learn of the stratigraphy, not only of northwestern 
Iowa, but of the whole -upper Missouri region, he should 
begin his work with a study of these classic exposures. 
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A review of the observations of different workers in this 
region will be given in connection with notes on the different 
formations. It is perhaps sufficient to notice here that, of 
the official surveys of the state, the first or Hall survey, did 
not enter the region. During the second survey, both Doc-
tor White and Mr. St John, studied the deposits of Woodbury 
county, though the short time allowed to the work did not 
permit much more than a reconnoissance. At the inaugura-
tion of the present survey the import~nce of the study of the 
exposures of this county as a key to the geology of the north-
western portion of the state was clearly recognized. During 
the first field season Doctor .Cal vin visited the county and his 
observations were recorded in the first volume of the present 
series of reports. This work so happily .begun has since 
been carried on by other members of the survey. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
The present surface relief of Woodbury county has been 
produced by the action of erosive forces. To get a clear con-
ception of it one must first picture to himself an all but level, 
or very gently undulating plain, having a slight surface incli-
nation to the south and west, and lying at a general elevation 
of about 1,400 feet. It should be conceived as composed ofa 
m.aterial capable of catching and holding every ~ne and eu'rve 
carved upon it by the delicat.e tracery of a vigorous drainage 
system. Upon such a plain the rivers have worked, and in it 
they have carved their record of the past. 
. ~ 
If a line be drawn from Sioux City to the south boundary of 
the county, about four miles west of Smithland, the land west 
of the line may be considered a second plain even more 
monotonously level than the one described, and lying some 
300 feet helow it. This second plain forms the bottom land 
of. the Missouri and is, at its widest point in Woodbury coupty, 
some seventeen miles from bluff to river bank. On the 
Nebraska side there is a corresponding bottom land, beyond 
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which may be seen the dark green of the Blackbird Hills and 
their northern continuation. Through this broad plain the 
Missouri wanders with many a crook and turn, marked on a 
summer day by clouds of dust gathered by the wind from i~s 
many lowlying islands ~nd sand bars, with here and there a 
bright gleam of- sunlight reflected from the swiftly moving 
waters. 
This bottom land of the Missouri forms a marked topo-
, graphic feature in the county, comprising, as it does, over 200 
~. - - _. '" , - .. " '. - - ". - - ~-. . .". ",~. ' .. -. ".- -- .-
FIG. 32. Heavily wooded ravine in the loess region. 
square mIles, or nearly one-fourth of the entire area. The 
bluffs jut out upon it in a long, narrow spit at Sargents' Bluff, 
and the- iriteriorrivers of the county have cut their channels 
down nearly to its level and are now engaged, with their 
many minor tributaries, in reducing the whole area to this 
level. The work is new to them, and while the loess mantle 
cuts easily, it does not break down rapidly. The result is 
that the land along the streams presents an intricate and 
rugged series of erosional topographic forms. Deep, sharp-
angled, steep-sided ravines lead back to abrupt earthern 
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headwater bluffs over· which, in rainy seasons, small streams 
dash merrily and fall foaming on the gravel below. Above 
such· a fall may be· seen the low swale of the upland, fully 
grassed over, and with slopes so gentle that, while serving for 
a catchment basin, they· do not give current enough for the 
waters to cut away the sod.· . Below the thirtyo·r forty£oot 
bluff is a deep, narrow defile, fully wooded and usually dark, 
with side~ almost too·sharpforclimbing, and with a gravel"" 
strewn bed of a wet-weather stream at the bottom. Occa-
s~{)nallynarrow terraces form a fit .shelffor a }Vagon road, 
butu8ually they have themselves· slipped out of place . 
. : lrith~ region betw.een Smithland ·and 'H:ornick, e~mprislng 
the point.of land between the Little.8iouxand the Missouri 
. . .' '. -, , . 
FIG. 33. Missouri escarpment; where the upland meets the lowland. 
bottom lands, the tributary streams have cut into the hills 
and con:verted them into a series of intricately connected 
ridges barely wide . enough at· times to form a pathway, and 
with the·sharp loess contours so sloping on eithet side that, 
as one walks along -the crest, he unconsciously begins to bal-
ance himself as on the comb of a house roof. More frequently, 
however, these paths are wideeriough to serve for wagon roads, 
and a dI'ive along these old, now unused trails affords an ever 
changing succession of views at once striking and picturesque. 
I 
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At the edge of the grea,t bluff, where .the upland. drops 
abruptly down. and- becomesthe lowland, the side streams have 
at many points cut off isolated,. or. nearly isolated hills, such 
as Prospect Hill in 8.ioux City. These hills of circum de nuda-
tion· st~nd out abruptly with their beautiful flowing lines and 
gracefully carved peaks, resembling in the soft, dim afterglow 
of a summer evening, nothing so much as the towers and tur-
rets of ancient castles. The beauty of the topographic forms 
seen in the county is a result of the grea~ thickness and 
peculiar character .of the surface material, wbich is. the well 
- -
known loess. This deposit exhibits here, to a superb degree, 
its characteristic of . receiving and retaining those soft 
lines and curves which ~ark an unstable topography. The 
gently flowing concave slopes found here would never occur, 
or would soon be lost, in any other save a loess-covered or a 
rainless region. 
There are three well marked types of topography within 
the limits of the county, the upland plain, the Missouri flood 
FiG. 34. Loess hill east of Hornick. 
plain, ·and the intervening stream-cut areas.. The first is nor-
mally the characteristic prairie or drift plain type of long, 
low, rolling swells, flatten~ng out into oqQasional broad areas 
. of absolute level, and never exhibiting sharp profiles. It is 
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covered, where uncultivated, by the tough wild grass of the 
prairies, and is unforested except where trees have been 
planted. The second is an even more monotonous level plain 
in which the smaller streams lose themselves and convert 
large areas into swamp land. The larger rivers cut across the 
plain in ditch-like channe,ls. Above its level are raised a few 
sand dunes which form points in the landscape, as do also the 
quiet lakelets or sleepy lagoons formed of half-filled, and 
slowly silting up reaches of the river's abandoned channel. 
It is a broad, monotonous plain, fenced off into huge cattle 
ranches of thousands of acres in extent~where the ranch-
house forms a conspicuous feature of the view, and is of suf-
ficient importance to become a special stationonthe railway. 
Where the upland plain meets the lowland, and in the vicin-
ity of all the streams which flow across the region, the beau'-
tiful and intricate topography already described has been 
developed .. 
TABLE OF ALTITUDES. 
The following altitudes are taken from the profile of the 
various railways, the notes of the Missouri river commission, 
and of the city engineer; they are in the main as given by 
Gannett. The elevations in Sioux City are referred to a uni-
form datum line which is approximately 998 feet above sea 
level. This amount has been added to the figu~'es obtained 
from the engineer's office. 
- , 
STATION. 
Q) 
'd 
::l 
-+" 
'M 
+> 
...... 
<Ii I 
AUTHORITY. 
Anthon~ ----~------------------------------------------ '11191: Ill. C~nt. Ry-. -' -CorrectIOnVIlle _____________ . __________ . ______________ 1108 C. & N-W. Ry. 
Cushing ---- ---- _ --- _ ----~ __ ~- "-, ---- ------ ------------\ i~~~ I g~.&C~~tv ~iiy. Danbury ______________________________________________ 1311 C. & N W. Ry. 
Hornick ___ : __________________________________________ r073 I C., M. &St. P. Ry. 
James _________ .. ________ ~ ____________________________ 1145 Ill. Cent. Ry. 
Luton ______ -------------------------------c---------- 1086 C,! M. & St. P.Ry. Morning Side ___________ " _____________________________ 1241 C., M. & St. P. Ry. 
Pierson _______________________________________________ ]272 C. & N-W. Ry. 
Rodney _________________ ____ ______ ________ ____ __ __ ____ 1091 C., M. & St. P. Ry. 
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Moville _______________________________________________ \1155 C. & N-W. Ry. 
Oto _ .___ ____ ____ _ ___ ____ __ ___ _____ ____ __ _ ___ ____ _ _____ 109-1 Ill. Cent. Ry. 
SaUL ________________________________________________ 1092 S. Cy. & P. Ry. 
Sargent's Bluff _______________________________________ 1103 S. Cy. & P. Ry. 
Sioux City-
City reservoir __________________________________ 1342 City engineer. 
Engine house, First street _____ ~ ______ ~--------- 1098 City.;ngineer. 
Douglas street, near Twenty-fourth .-- ___ .-____ 13141 City engineer. 
Twenty-eighth street, near Virginia ____________ 1292 City engineer: 
Jennings street, near Thirty-sLith ______________ 1317 City engineer. 
Mondamin hotel, east door _____________________ 1104 City engineer. 
Northwest coriler High schoolgrounds ________ . 1228 City engineer. 
Prospect Hill, top ______________________________ ' 128l City engineer. 
Prospect Hill, top of sandstone_ __ __ __ ______ ___ _ ]097 City engineer. 
Jones street and Seventh _______________________ 1195 City engineer. 
Jones street and Tenth _________________________ 1205 City engineer. 
Jones street and Eleventh_.: ____________________ 1217 City engineer. 
Head of Bacon Hollow _ _ __ __ _ _ __ ____ __ ____ __ ___ _ 1398 Barometer. 
Depot______ _ ___ ______ ________ ____ __ __ __ _ ___ ___ U04 C., M. & St. P. Ry. 
Low water ____________________________________ . 1076 Riv. Com. 
High water ____________________________________ 1099 Riv. Com, 
Perrycreek __ ---------------------------------- 1094 S. Cy. & P. Ry. 
Floyd creek_. __________________________________ 1 1080 S. Cy. & P. Ry. 
Sloa.n _0 _______________________________________________ 11084 S. Oy. & P. Ry. 
Smithland __ __ _ _ _ _ __ _ ___ _ _ _ _ _ _ _ __ _ _ ___ _ _ _ _ _ _ _ ___ _ _ __ _ _ 1076 Ill. Cent. Ry. 
DRAINAGE. 
Woodbury county is well watered and drained by numerous 
streams belonging to the 1'IissoUl~i river syst~m. The Mis-
souri river itself forms the greater portion of the western 
boundary of the county. In this region it flows in a broad 
valley from one and one-half to seventeen miles wide; cut 
down through the rock to a depth frequently eighty to one 
hundred feet below the present water level. 
The sandstone at the foot of Prospect Hill rises twenty-one 
feet above the low water mark of January 29, 1871. The 
solid rock is encountered 43.90 feet below low water, at a dis-
tance of 30 feet from the edge of the river on an extension of 
Kansas street. At 280 feet from the river's edge the rock 
lies at 34.70 feet below the water. At the Chicago, St. Paul, 
Minneap<?lis & Omaha railway bridge the depth to rock is 
slightly greater. The stream has a wide :flood plain lying 
about 300 feet below the general level of the prairie. The 
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banks are made up of loose unconsolidCl,ted materials, the river 
in this portion of its course being entirely free from rocky 
bars. The approximate average width from Sioux City to the 
mouth. of the ·Platte is at high water 820 feet, and at low 
water 650 feet. * 
Its current at low water stage is two to three"miles per 
hour, and in time of flood it reaches as much as ten miles. 
There are two regular floods, the first being in April and last-
ing but a week or ten days; it is quite violent and seems to 
come from the upper river. The June rise is generally 
higher and of longer duration, being inftuenc_ed by local rains 
and general saturation of the soil. The bottom land near 
Sioux City is at times covered in part by the waters of the 
Missouri and its tributary streams. The loose nature of the 
banks and the rapidity of. the currentcause.s the stream to 
carry a heavy load of sediment. 
It has been shown by Major Suter that the channel of the 
Missouri is in reality a series of inter-locking pools. The 
width of the river allows the formation in it of a series of 
bars, on either side of which is deep water. These pools are 
so arranged that the head of one is about opposite the middle 
of the pool on the other side of the bar. The water thus 
finds its way from pool to pool, cutting across the bars in nar- " 
row, shifting channels. The bars act, to a certain extent, as 
dams, and even in stages of high water their effect on the 
rapidity of the current is plainly apparent. They also force 
the current against the bank where eddies are generated and 
erosion becomes active. In those reaches of the river where 
the stream is too narrow to allow the formation of bars, its 
... 
course is but little changed since the earliest surveys (1817); 
elsewhere the changes have been many. 
The second hrgest stream in the county is the Big Sioux, 
which forms the western boundary of the county from the 
northwest· corner to the mouth of the river near Sioux City. 
* Suter: Improvement of the Missouri; House Ex. Doc., 46th Cong., 3rd Ses., No. 92, p. 9; 
Washington, 1881. 
I 
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It is a stream of considerable size and has a fall in a direct 
line of about 1.4 feet to the mile, or probably not more than 
six inches to the· mile following the actual course of the 
stream. Below Westfield, in Plymouth county, the stream 
has properly no valley of its own, but flows close along the 
eastern border of the larger Missouri valley. In Woodbury 
county it is bordered by sharp, high bluffs, of which Cedar 
Bluff is, perhaps, the best known, made up of the indurated 
Cretaceous rocks, in the lower portion, covered principally with 
loess. It is along this river that the greater portion of the 
best CretaceQus exposures in Iowa occur. 
Below the mouth of the Big Sioux river there are but two 
streams which flow directly into the :Missouri within the limits 
of the county. These are Perry creek and Floyd river. They 
reach the :Missouri river within the limits of Sioux City, and 
have very largely influenced the character of the surface upon 
which the city is built. Perry creek rises in the southwest-
ern portion of Plymouth county and flows in the general 
direction of the slope a distance of seventeen miles in a direct 
line, with a total fall of nearly 180 feet. The average fall, 
following the stream,-is probably not far from five feet to the 
mile. The current is rapid, the valley is narrow,. and the bluffs 
are composed of loess and drift. 
The Floyd river rises in O'Brien county and, flowing acrOS$ 
Sioux and Plymouth into Woodbu:r:y, enters the county about 
ten miles east of the Big· Sioux. From this point it flows 
southwest to the Missouri, having within the limits of the 
county a total fall of twenty-three feet,or about 3.2 feet to 
the mile. It is larger than Perry creek and throughout most 
of its course flows through a beautiful alluvial valley one to 
two miles wide, bounded by low, rounded, drift covered hills. 
Near Sioux City, extending, indeed, beyond the Plymouth-
Woodbury line, there are exposures of Cretaceous. 
Big and Little Whiskey, Elliott and Camp creeks are smaller 
- ~ . 
streams flowing nearly south, and losing themselves upon the 
Missouri bottom in a slough now drained into the west fork of 
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the L~ttle Sioux. This latter stream flows across the county 
-in a narrow, steep-sided valley lying from 100 to 180 feet 
below the general level of the plain:. It cuts through the 
bluffs and comes out upon the Missouri bottom land near 
Holly Springs. Mud creek, and eventually Whiskey creek, 
drain into it from the west, while from the east it receives 
Wolf creek, itself an important stream with numerous tribu-
taries; 
The Little Sioux river is one of the larger and more 
important rivers of northwestern Iowa, having its source in 
Minnesota and falling over 500 feet to its mouth in Monona 
county. The greater portion of this descent is made before 
the stream enters Woodbury county. A little less than a mile 
below Correctionville, it is only nine feet above the Missouri 
river at Sioux City directly west. In a direct line the fall of 
the river in the county is about two feet to the mile, but by 
the stream it is probably more nearly three-fourths of a 
foot per mile. The valley is from one to two miles wide and 
is bounded by steep bluffs 300 to 400 feet high. 11;1 the lower 
portions of the river's course the bluffs show the presence of 
loess only; farther up the stream sandy gravel and drift, 
topped by a thin veneer of sil t-like loess, is seen. The stream 
has evidently cut its channel down to grade and is now 
engaged in widening its valley. 
The river, with its smaller tributaries, drains in this county 
an 'area of about 216 square miles. Within the county it 
receives from the west Pierson and Rock creeks, and from 
the east Bacon, Wright, Parmelly and Miller creeks. Event-
ually it receives also the waters of ~the West Fork and its 
tributaries, as well as of :Maple river. :Maple river is, within 
this county, independent of the Little Sioux. It cuts across 
the extreme southeastern corner of the district for a distance 
of about seven miles, draining nearly seventy square miles of 
the county. It receives, within the county, Reynolds and 
Kok~r creeks. 
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STRATIGRAPHY. 
General Relations of Strata. 
The rocks of Woodbury county belong to two distinct and 
widely separated periods between which is an important time 
break. The underlying indurated beds are of Cretaceous 
age. Above these,and concealing them except at a very 
few points, is a heavy covering of Pleistocene deposits con-
sisting for the greater part of loess. Between the loess and 
the uppermost Cretaceous beds are the gravels and boulder 
clays of the drift, as well as certain obscure sands and clays 
whose exact relations are not very clearly defined. 
The following table represents synoptically the different 
formations present. 
Classification of Formations. 
I 
I GROUP. SYSTEM. SERIES. STAGE. SUB-STAGE. 
---------\------
I 
Recent. Alluvium. 
I 
, 
Cenozoic. Pleistocene. Loess. 
Glaeial. 
Kansan. I Drift. 
----
? Riverside sands. 
-- ----
Niobrara chalk. 
Colorado. I Benton shales. Mesozoic. Cretaceous. I Upper. 
I I Dakota. 
GENERAL GEOLOGICAL SECTION. 
The greater part of the exposures of these beds may be 
seen in ~he immediate vicinity of Sioux City. A complete 
section may be found in passing from Sargent's Bluff to Cedar 
Bluff. Such a section would show tho following beds. 
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, ' 
FEET~ 
16. Loess of usual' character, variable in thickness _ _ _ _ _ _ 50 
15. Clay, plastic, brown; weathering yellow along j<?ints, 
usually free from grit, pebbles rarely found_____ 6 
14. Gravel, drift pebbles; not always present, varying 
greatly in thickness __________ . __ ._______________ 10 
13. Sand, fine, white, even-grained; with occasional 
small, granitic pebbles; no distinctively northern 
gravel ________________ ' __ , ______ ----------_____ '-_ 12 
12. Limestone, thinly bedded, containmg numerous 
shells of Inoceramus labia-tus and with inter-
bedded chalk layers. _________________ ._________ 50 
11. Shale, buff, sandy, with layers of sandstone one to 
two inches thick and with ferruginous concre-
tions __________ ~ __________________ ~______________ 18 
10. Shales, drab to dark blue, fine-grained, argillaceous 22 
9. Sandstone, fine, ,white, soft ______ _ ______ ____________ 4 
8. Shale, drab, fissile ____ , __ . ____ .: __ ~ _________________ 12 
7. Lignite,impure, two to three inches ________ ::".____ t 
6. Sandstone, coarse, yellow, quartzitic______ ____ ______ 7 
',5. Shale, clayey, dark blue to drab _____ . ___________ '_~ 12 
4. Sandstone, fine-grained, homogeneous, white_______ ,25 
3. Lignite" more or less earthy, usually dark purple .. _ H, 
2. Shale, variegated" briUiant orange to olive green, 
with beds of fine sand and ferruginous concre-
,tions containing plant remains __________________ 18 
1. Shale, sandy, reddish, becoming drab to orange 
below, and containing plant remains._____ _____ 25 
Of the above section, numbers 1 to 4 inclusive are exposed 
at Sargent's Bluff.' Numbers 4,5 and 6 make up the Pros-
pect Hill section. Numbers 6 to 11 iriclusive may be seen at 
Riverside. Numbers 10 to 12 are p;:Lrticularly 'well seen at 
Cedar Bluff; lower beds also occur there. Numbers 13 to 15 
may be seen in ~he gravel pits"at North Riverside. 
Numbers 1 to 9 inclusive maybe referred to the Dakota. 
Numbers 10 and 11 make up the Benton, and' number 12 rep-
resents the Niobrara. - Number J.3 is of uncertain age; ·14 to 
15 represents the drift beds,and 16 is later. 
PRE-CRETACEOUS STRATA. 
,", 
Strata older than the Cretaceous are not exposed within 
this county, and hence their presence and character can only 
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be known from borings and from studies of neighboring out-
crops. North of Woodbury.county, in the region' surrounding 
Sioux Falls, there· are numerous exposures of the Sioux 
quartzite, a formation probably of pre-Paleozoic age. Toward 
the east, the limestones and associated beds of the Carbon-
iferous .and earlier Paleozoic systems appear .. South of 
Woodbury is found the latest phase of the Carboniferous as 
developed in Iowa. The heds of this system are exposed as 
. far up the river as De Soto,and there pass below the Creta-
ceous. 
.. -... .. 
_ Theoldest strata exposed at the surface in northwestern 
Iowa and adjoining region is the Sioux quartzite. This has 
been referred to the Algonkian system, and is considered as 
pre-Paleozoic in age. There is little' reason for believing 
that before the ~atest Cretaceous it was ever entirely below 
sea level, and it may not have been altogether covered even 
then. It has formed, from earliest times, a peninsula or an 
island, which has been gradually sinking. The pre-Paleozic 
surface of this island has be~n shown by Todd* to have been 
exceedingly irregular. Certain gray granites referred to the 
pre-Paleozoic were encountered in the Sioux City well at a 
depth of 1,515 feet,or 355 feet below sea leve~, . while at Le 
:Mars similar beds oc~ur 150 feet above sea level. At Pawnee 
City, Neb., gray schists were encoun~ered at 620 feet above 
the sea level. At 785 feet below ;sea level the Omaha boring 
had apparently failed to pass through the Carboniferous. 
The quartz-porphyry at Hull, which prooably belongs to the 
. same series, lies at 878 feet above sea level, while at Sioux 
Falls the quartzite itself has an elevation of about 1,400 feet. 
Apparently this old surface· sank beneath the water at the 
same time that the isle of Wisconshi was rising, so that, 
whereas, in the case of the latter, the central core is sur-
rounded by a series of belts ·of later formations of which the 
oldest is.nearest the center, the reverse is true of the Sioux 
island. It seems that each succeeding formation overlapped 
*"Am. Geologist, vol. XV, p.M, Minneapolis, 1895 . 

TYPICAL SECTIONS. 259 
That there must have been at some time during the Carbon· 
iferous a shore line surrounding the Sioux island is o-bvious; 
that such a shore line would afford favorable conditions for 
the formation of coal is probable; but as yet this old shore 
line .has not been found, and it is not at all certain that it ever 
will be. Between the close of the Paleozoic and the opening 
of the :Mesozoic this entire region suffered very heavy erosion, 
and by far the greater portion of the Carboniferous' beds 
under this region seem to have been swept away. 
STANDARD SECTIONS. 
Among the various natural exposures in the county a few 
have been selected which together represent all the beds 
FIG. 85. Dakota formation, showing cls,ys.lignite and sandstone, capped by loess; 
Sargent's Bluff, Woodbury county. 
. 
exposed at the sur:i:ace, and which may be combined to make 
the·generalsection already given. The lowest strata exposed 
within the limits of the county may-be be seen in the well 
known outcrop at Sargent's Bluff, seven miles south of Sioux 
City. 
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SARGENT'S BLUFF SECTION. 
FEE'!.'. 
5. Loess, thickening back frcm t.he river and forming 
bold bluffs, 100 to 150 feet high ______________ ~ __ 40 
4. Sandstone, fine-grained, light buff to white above, 
coarse, orange-yellow below _ _ _ ___ _ _ _ ___ _ ______ " 25 
3. Lignite, more or less earthy, usually of a dark pur-
plish hue --- -_ - -- -- - - _ - -- _ -___ -- - _ - - __ - ___ - _ _ _ _ H-
2. Shale, variegated, brilliant orange to dark olive 
green, with interstratified beds of fine white 
,sand and thin bands of ferruginous concretions 
contaIning plant remains_~ ____ . _________________ 18 
1. Shale, sandy, reddish, becoming drab to orange 
below, and containing large ferruginous sandy 
rnasseswith plant remains ______________________ 25 
Number 4 of this section forms the lowest- member of the 
P1:'QspectHil1 section and 'occurs just below the surface at 
North Riverside. A seetion at the latterpomt, including the 
strata exposed in the pit of the Sioux City Paving Brick 
co rrrp any and those found in borings at the pottery immedi-
a telyabove, '. is· as follows. 
15. 
14. 
~. 13. 
]2. 
JL 
]0. 
g 
8. 
7. 
6. 
5. 
4. 
3. 
9 
'-' . 
1. 
Shale, sandy~ __ ~, ~ ___________ ..: __ " ____________ _ 
FEET. 
14 
Shale, drab, fisslle~ _______ .. ______ "____________ _____ 12 
Sandstone, impure; calcareous ___ " _________________ _ 1 
Shale, drab, fissile. _______________________________ . 16 
Sandstone, nne, white, soft _______________________ _ 4 
Shale,_ drab,fissile _____________ c ____ --------c _____ ~ ]2 
L · 't' . 9 t' 3' 'h '. Igm e, llllpure,:" 0 mc es- ___ . _______ ~ ________ _ 
Sandstone, coarse,. yellow, quartzitic _______________ 7 
Clay, white, plastic ___________ .: ____________________ '_ 19 
Sandstone, soft, shaly _____________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 
Clay, clear., drab _______________________________ '_~__ 2 
Shale, argiliaceous, veryhard _______ "' __ . ___________ ~ . 4 
Fire clay _____________________ . _____________________ 2 
Sandstone, hard, ferruginous________ _________ _____ 3 
. Clay, fine, c1ean _______________ -;:.____ ____ __ _________ 16 
Numbers 8 to 15 of. the above section may be seen in the 
clay pit at the brick plant mentioned. Number 7 is exposed 
in a tunnel near by and was passed through at the pottery. 
The strata below this bed were found in the explorations at 
the latter place. Of the section, numbers 12 to 15, are 
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referred to Benton; the lower beds, with all of the Sargent's 
Bluffs section, may be referred to the Dakota. 
North of Riverside, the strata rise a little, and at Cedar 
BluIT, the best and most noteworthy exposure in the county, 
the corresponding beds appear a few feet higher above the 
river. The s~ction he1'e, as measured by corrected barome-
tric readings, is as follows. 
CEDAR BLUFF SECTION. 
FEET. 
9. Loess _________________________ • _____________________ 30 
8. Limestone, thinly bedded, exposed in slope above; 
'actual exposure, 20 feet, totallimit ______________ 50 
7. Shale, buff. sandy, with layers of sandstone one to 
two inches thick, and ferruginous concretions _ _ _ 18 
6. Shale, drab to dark olue, fine-grained, argillaceous 22 
5. Sand and lignite mixed_____________________________ It 
4. Sandstone, white, calcareous, loosely consolidated_ 10 
3. Shale argillaceous, sandy in part, drab to blue ______ 15 
2. Sandstone, white to orange, coarse-grained, with 
ferruginous concretions ______ ____ ____ __ __ _____ _ _ 10 
1. Shale, variable, largely arenaceous; imperfectly 
exposed ________________________ ~_ _ _ _ _ ___ _ ____ __ _ 30 
Number 7 of this section is number 15 of the Riverside 
section, and number 2 is apparently number 7 of that 
section, and may be examined at a number of exposures 
?etween the two points. While number 4 of the Cedar Bluff 
section and number 11 at Riverside occupy' the same horizon, 
it does not seem that they are directly connected. At Cedar 
Bluff the Dakota includes numbers 1 to 5; the Benton is shown 
in 6 and 7, and the Niobrara in 8. 
Above the Cretaceous, and below the loess and associated 
glacial deposits, is a"sand bed, well shown in the pits north-
east of the Brugier bridge at Riverside. 
SAND PIT SECTION. 
FEET. 
4. Loess, usual character , variable thickness _ _ _ _ _ _ _ _ _ _ 30 
3. Clay, plastic, brown; weathering yellow along joints, 
. usually free from grit; pebbles rarely found ____ • 6 
2. Gravel, erratic drift pebbles_______________________ t 
1. Sand, fine, white, even-grained, with occasional 
small granitic pebbles, no distinctly northern 
gravel _______ ·_______________ ____________________ 12 
24GRep 
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In the greater number of exposures throughout the county 
these beds are absent, the loess resting directly upon the 
Cretaceous, or with only an occasional thin layer of gravelly 
drift intervening. 
il~·:9~{:j~r··"j/\t;: .. : ;, .. ,.~ ." r:"",":$..···} .: ... J ··:::r··· 
1~.,~·()··,O"=~a9,<) o.l~f···b·:···-···':'d·"b-':O'CY·'-"· 
FIG.3B. Sand pit at Riverside oppOSite street railway station. 
The character of these exposures and the relation of the 
drift to the loess are well shown in a small gravel pit opposite 
the Riverside Park street railwav station. 
~ ./ 
5. Talus of loess. 
4. Small lenses 4-14 inches in diameter, of coarse 
gravel and boulders in the loess. 
3. Loess of usual character, exposed 15 :feet. 
2. Layer of large boulder erratics, varying from 2 
inches to 1 foot in diameter, with sand in the 
interstices. 
1. Sand cross-bedded, coarse-g-rained; grains 1'2 to i of 
an inch in diameter; really a very fine gravel, 
containing frequent pebbles t to 1 inch in diam-
eter, and occasional large, fiat-sided, granitic 
boulders 8 inches or more in diameter, exposed 
10 feet. 
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TYPICAL EXPOSURES. 
The best natural sections exposed within the county are 
found along the Missouri and Big Sioux rivers. Of these, the 
Sargent's Bluff, North Riverside. and Cedar Bluff sections 
have already been given. 
At the foot of Prospect Hill, within the limits of Sioux City, 
and lying between Floyd river and Perry creek, is an expos-
ure from which many of the early collections of the region 
. came. As now exposed, it shows the following strata, all of 
which may be referred to the Dakota. 
PROSPECT HILL SECTION. 
FEET. 
3. Sandstone, dark yell~w, coarse-grained, with ferru-
ginous concretions _________________ . _ __ _ _ __ _ ___ 10 
2. Shale, clayey, dark blue to drab ____________________ 12 
1. Sandstone, fine-grained, homogeneous, white_______ 25 
Beyond this point the loess covers all the indurated rocks 
until North Riverside is reae;hed. Here a good section may 
be obtained by following the electric railway down the hill. 
The beds seen are as follows. ' 
FEET. 
10. Loess __________________ .• ___________________________ 25 
9. Shale, drab, argillaceous; upper six inches colored 
by iron oxide ___ . ________________________ ~_ ____ _ 2 
8. Lignite, impure, brown, earthy ____ ____ ________ ____ _ t 
7. Sandstone, fine·, white, calcareous ____________ .. _---- 6 
6. Sandstone, very ferruginous ____ .. ___________________ t 
5. Shale, light colored, sandy ________ -________________ 8 
4. Lignite, impure, earthy ________________________ ___ 1 
3. Sandstone, coarse-grained, yellow, with large, hard, 
quartzitic concretions____ __________ ___ ______ ____ 10 
2. Shale, drab ________________________________________ 6 
l. Unexposed to water ___________________________ ~__ __ 20 
A short distance north of this point is the Riverside section 
already given, and with which it may be readily correlated. 
Beyond the pottery the various beds are occasionally exposed, 
though no -complete sections appear short of Cedar Bluff. 
The chalk beds appear in the hills northeast of the Brugier 
bridge (Tp. 89 N., R. XLVIII W., Sec. 14, Se. qr., Ne. l), but 
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are not well shown for some distance farther up the river. 
The prominent sandstone band of the Cedar Bluff section 
(number 2) . makes· its apparance some distance below the 
bluff. It is shown at Reese's "granite" quarry (Tp. 89 N., R. 
XLVIII W., Sec. 11), where a portion has assumed the hard 
quartzitic.iacies already mentioned. 
l\way from the :Missouti and the Big Sioux only a very few . 
exposures are known. On the Floyd river, within the limits 
of Sioux City, the following section is seen (Tp. 89 N., R. 
XLVII W., Sec. 15, Ne. qr.). 
FEET. 
9. iooess ________________________________ ~ _____________ 15 
8. Clay, yellow, with small lime nodules and erratics__ 2. 
7. Sandstone, soft, fine-grained, white ________________ 6 
6 .. Clay parting ----- - - -- ---- ---- - --- _________ :._ - ______ t 
5. Sandstone as above_________________________________ 4 
4. Clay ---------------------------____________________ t 
3. Sandstone as above_________________________________ 8 
2. Clay, blue, shaly, mixed with Eand _________________ 2 
1. Sandstone, white to orange; heavily cross-bedded __ 2.0 
On the east side of the same stream, extending up to and 
slightly beyond Leeds, the chalk beds are occasionally 
exposed. Near Climbing Hill P.O., on the west fork of 
Little Sioux (Tp. 87 N., R. XLV W., Sec. 16), there is an 
obscure exposure of Niobrara. At one point in the bluffs, 
. fronting the Missouri bottom land (Tp. 87 N., R. XLV W., 
Sec. 36), a number of Inoceramus shells have been found. 
While no strata are as yet positively known to occur in situ 
at this point, it seems not i:q:tprobable, from the abundance of 
the shells, that ultimately such may be found. 
With the exception of the exposures mentioned, and a few 
on Perry creek, there are no known exposures of the indura-
ted rocks within the county, "and stream cuttings in other 
portions of the county show only the loess and associated 
drift deposits. 
I 
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Geological Formations. 
CRETACEOUS. 
The rocks near Sioux City were among the first Cretaceous 
rocks to be studied in America, and the problems of the struc-
ture and divisions of the great interior Cretaceous formations 
were first attacked in this immediate region. It was here 
that Nleek and Hayden's Upper Missouri Section, which has so 
long been the standard with which others are compared, was 
developed. Some of the facts first observed here were so 
totally at variance with all previous observations that it may 
well be believed that they were not accepted without a deal 
of controversy. The evideIlce, pro and con, received from a 
host of distinguished workers such careful consideration as 
has rarely been accorded to geological problems. Certain of 
these controversies were in their day quite famous, and were 
so intimately connected with the early growth of American 
geology that it may not be unprofitable to review them 
brieflY. 
oJ 
In 1804-1805, Messrs: Lewis and Clarke ascended the Missouri 
river. In the course of their journey they noted the sand-
stone at Blackbird Hllls* and the exposures near Ponca, call-
ingthe latter "Mineral Bluffs." Subsequently Nuttal and 
Long, the latter in 1820, in their journeys up the:.Missouri 
collected fossils from this region. At the time of these expe-
ditions the Cretaceous as such had not yet been recognized 
in America. In 1833 Morton, t in speaking of the fossils col-
lected by these expeditions, refers to them as " Marl fossils, " 
though he had in 1828+ published Vanuxem's recognition of 
the Cretaceous. In 1834, Morton assembled his various papers 
on the Cretaceous fossils and published his Synopsis of 
Organic Remains of the Cretaceous Group of the United 
States.§ In 1838, the Prince Neuweidll published notes on an 
*Coues: History of the Lewis and Clarke Expedition, Vol. 1, pp. 72-86. New York, 1893. 
tAm. Jour. Sci., (1), XXIII, 289. 1833. 
:j:Jour. Acad. Nat. Sci., Philadelphia, VI, 59-71. 1828. 
§Philadelphia,18M. 
nReise dlJrc)J. NQrdamerika, Coblentz, 1838, 
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expedit.ion to the upper Missouri region made in 1832. On 
this expedition he collected a number of Cretaceous types. 
In 1839, Nicollet visited this region, publishing his full 
report* in 1841, and a shorter papert about the same time. 
The exposures visited by Lewis and Clarke, and by them 
called Mineral bluffs, he named Dixon's bluff. He noted as 
he thought four formations as follows. 
D. Plastic clay deposit) divided by a stratum of carbon-
ate of lime nodules, 200 feet. 
C. Ferruginous clay of yellowish color, with septaria 
and selenite. 
B. Calcareous marl, 30 to 40 feet. 
A. Argillaceous limestone, containing Inoceramus bara-
bini in great numbers and very much compressed, 
giving the rock a slaty appearance. 
Numbers A and B of this section seem to represent the 
Niobrara as now known, while C and D are probably repre-
sentative of the Pierre. The Benton seems to have been 
overlooked as well as the Dakota. The fossils collected by 
Nicollet were described by Morton,+ while the chalk was 
studied by Bailey. § 
In 1849 Evans, one of Owen's assistants, traveled through 
the region and collected fossils which were described in 1852.11 
In 1853 Meek and Hayden visited the Upper Missouri region 
on a collecting expedition for James Hall. In 1856 Hall and 
Meekt published as a result· of this expedition the first sec-
tion showing all five of the members present in their correct 
position. In the same year Meek and Hayden** published 
jointly their first paper on tile region. In this the five mem-
bers were recognized and referred· to by numbers. This 
became the Upper Missouri section and underwent slight 
*Sen. Doc., 25 Cong., 2ndSess., Vol. V. pt. ii, No. 237 Washington, 1841. 
tAm. Jour. Sci., (1), XLV, 153-156. IS13. 
:j:Proc. Acad. Nat. Sci., Philadelphia, I. 106-110. 1841. 
:f:Jour. Acad. Nat. Sci., Pbiladelphia, VIU;20'7-227. 1842. 
gProc. Acad. Nat. Sci., Philadelphia, I, 75. 1841. 
§Am. Jam. SCi, (1), XLI, 400-101. 1841. 
1I0wen: Geol. Sur. Wisconsin, Iowa and Minnesota, pp.195-196. 1852. 
'lfMem. Am. Acad. Arts and SCi., V., N. S., 379-411. 1856. 
**Proc. Acad. Nat. Sci., Philadelphia, VEl, 63. 1856. 
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, changes from time to time. It was not until 1861 * however, 
that they give names to the various members. The section 
then assumed practically its final form; Meek, in 1876t con-
tenting himself with simply reproducing it. 
DAKOTA. 
The lowest rocks exposed witbip. the limits of the county 
belong to the Dakota formation. Their character is well 
shown i~ the sections already described; they are predomi-
nantly sandstones and shales, the latter being frequently 
FIG. 37. Dakota sandstone at the foot of Prospect Hill, Sioux City. It was mainly from 
this exposure that the early collections of fossils were made. 
arenac~ous in character. The heavier sandstone beds seen 
on the Nebraska side farther down the river do not appear in 
the county. They are replaced by thinner sandstone~ and a 
greater proportion of argillaceous material. The sandstones 
occurring" consist of two general types. The first is a light 
*Proc. Acad. Nat. Sci., Philadelphia, XII, 415-44'7. 1861. 
i·U. S. Geo!. Surv. Terr., (Hayden) IX, 24.-25. Washington, 1876. 
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colored, buff to white, fine-grained, loosely-consolidated 
stone in which the cementing material seems frequently to be 
calcareous. It is stone of this kind which is found at the top 
of the Sargent's Bluff section., at the base of the Prospect Hill 
section, and which forms the upper of the two prominent 
sandstones at Cedar bluff. It frequently contains small 
pieces of charcoal, and in it are numerous leaves and plant 
. . ImpreSSIOns. 
The second type of sandstone is seen forming the upper 
part of the Prospect Hill exposure, number eight of the 
Rive:rside section, and the lower of the two sandstones at 
Cedar bluff. It is coarse-grained, yellow to red in color, and 
has for cementing material iron, calcite -a~d silica. The 
first - is more usually predominant, ahd gives the stone. a 
normal reddish tinge. At certain points these--harder quartz-
itic masses, varying in size from a few inches up to several 
feet in diameter,. resemble concretions. Their formation 
seems due to a secondary infiltration of calcite; the result of 
the process is a hard, quartzitic rock in which the original 
sand grains are surrounded by the secondary mineral. There 
has been no metamorphic change so as to obscure the clastic 
structure, which is as sharp as- ever. Hayden and the earlier 
explorers called attention to these masses as a source of 
bu~lding stone, but the limited quantity of the material has 
prevented its large use. 
~}le clays found in the Dakota are abundant and of great 
variety and adaptability; they are very rarely fossiliferous 
except where markedly arenaceous. At Sargent's Bluff the 
shale· (No.2) contains numerous ferruginous concretions 
ar:ranged occasionally into well marked bands of red sand-
stone~ -.In these are numerous nlant remains. A collection 
from -these layers r~cently determined by Mr. Paul Bartsch 
and _ PrOfessor Macbride gave the following species. 
PoptililS kansasectn(l; Lesq. 
Populus hypetOl'ea Heer. 
Salix pr-otea?jolia, var. lonrj'ijol'ia Lesq. 
i 
I 
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Myrica longa fleer . 
. FiOtlS mcignollmjolia Lesq. 
Ficus inmqualis Lesq. 
IJaphnophyllum clakotense Lesq. 
Oinnarnonium ellipsoicle'urn Sap. and 11ar. 
Cinnamoni'L"rn sezannen.se Watelet.? 
IJiospyras primcena fleer. 
IJ'iospyl'CtS pS6udoanceps Lesq. 
IJiospynf.,s rof;t"ndijolia Lesq. 
Inycf., cretacem Lesq. 
·Rhamus tencf.,X Lesq. 
Rhamt{,s inmqttilclt81'alis Lesq. 
Liriodenclmn giganteum Lesq. ? 
.- . 
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• + In a preliminary report* a general section of the Dakota 
has been given.. Since that work was carried on a rich 0010-
rado fauna has been discovered in the clay pits at 'Riverside, 
and farther studies have made necessary several' minor 
changes in this section. As now understood the Dakota com-
prises the beds assigne.d to ,it in the general section already 
gIven. 
One of the most interesting discussions which occurred in 
the development of the geology of North America was that 
relating to the age of the Dakota. As has been seen the 
earlier workers, including :Nlorton, Nicollet and Evans, had 
but slight knowledge of the Dakota, but correctly referred to 
the Oretaceous the higher beds which they did study. Hall 
and Meekt in their section, referred number 1 to the Oretace-
ous without question. Marcou,+ from 'studies in the south-
west, was led to infer an earlier age, and regarded the rocks 
at Ponca as New Red. Meek and Hayden§ in their first sec-
tion say of number 1, that "it is not positively known to be 
Oretaceous," and again the same year II they remark' that 
*Iowa Geol. Surv., III,109. 1895. 
tMem. Am. Acad. Arts and Sci., V, N. S., 405. 1856. 
§Geol. Map N. Am., Ann. de Mines, (2), VII. 1855 
:r.Proc. Acad. Nat. Sci, Philadelphia, VIII, 63. 1856. 
IIProc. Acad. Nat. SCi., VIII, 267. 18fi6. 
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"numher 1 may be Jurassic, or, perhaps, in part earlier." 
Hall* in 1857 divided the Cretaceous into three divisions, to 
the lower of which, number 1 of the Nebraska division is 
assigned. 
Marcou, t in 1858, continued to refer the beds to theN ew 
Red. In the same year Meek and Haydent unqualifiedly 
placed these rocks, as seen between Council Bluffs and Sioux. 
City, in the "Lower Cretaceous." So far but few fossils had 
been found in them except plant remains. Sketches of sev-
eral of the latter were sent oby these authors to Professor 
Oswald Heer, but as his answer was delayed, the collection 
was referred to Newberry who pronounced the plants Creta-
ceous. Much to everyone's surprise, Heel' pronounced the 
forms Miocene. Marcou§ then, having previously assigned. 
the rocks to the Jurassic, II maintained that Meek and Hayden 
had confused as one group the rocks from the Jurassic to the 
Miocene. Meek and Hayden'- replied by showing that at 
many points the disputed beds were covered by strata con-
taining well known Cretaceous forms. N ewberry-lH:- recorded 
similar sections and further argued from. the plant remains 
for the Cretaceous age of the beds in question. tt To the lat-
ter evidence Eeer:j::j: replied, and while admitting the force of 
the other evidence, maintained that the flora was predomi-
nately Miocene in character. In 1863 :Messrs. Jules Marcou 
and J. Capellini made an excursion to Sioux City for the pur-
pose of studying the rocks in controversy. 
The following year Marcou§§ announced his belief in the 
Cretaceous age of the Dakota, as.the rocks were by that time 
*Ua S. and Mex. Bound~ Surv., I, 134. 1857. ' 
1'Geology of North America, 143. 1858. 
:j:Proc. Acad. Nat., Sci., Philadelphia, X, 145-H6. 1858. 
§Letter on some points of the Geology 0:1' Texas, New .Mexico, Kansas and Nebraska; 
addressed to F. B. Meek and F. V. Hayden.' . 
liN otes pour server a une description geologiqui des Montages Rocheuses, p. 20. 
'lfProc. Acad. Nat. Sci .• Philadeiphia, X, 255-264. 1858. 
'\fAm. Jour. Sci:, (2), XXVII, 219-227. 1859. 
**Am. Jour. SCi., (2), XXVIII, 29~2~9. 1859. 
+tAm. Jour. SCi., (2). XXIX, 208-218. 1850. 
*:I:Am. Jour. Sci., (2), XXXI, 435-440, 1861. 
§§Bul. geol. Soc. de France, (2), XXI, 132-147. 1864. 
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called. In a later paper* he gives further details. In 1865 
Meekt reviewed the controversy, and in 1867 Hayden:j: after 
reading the joint paper written byCapellini and Heer§ also 
discussed the subject. 
Since that time the, Cretaceous age of the Dakota has not 
been seriously questioned, though Lesquerauxll at one time 
suggested that the presence of a Miocene flora under a Cre-
taceQus fauna might be due to some such curious condition 
as allows the survIval of certain Nlesozoic types of animal life 
in the deeper seas at present. In 1884 Gardner~r maintained 
that the flora of the basal American Cretaceous is Eocene in 
character, and seemed disposed to the belief that' this is an 
instance of persistence ?f Cretaceous types ir:-to Eocene time 
rather than of the earlier introduction of forms which later 
characterized the Eocene. 
As has been said, the Dakota is predominately made up of 
sandstones and sandy shales. The sandstones frequently 
show-heavy cross-bedding and are closely related to the over-
lying shales of the Bento-q... So close is this relation in fact, 
that Meek and Hayden** at one time, cautiously suggested 
that the Dakota might ultimately be found to be only a sub-
division of the Benton, and Whitett in his studies of the Iowa 
exposures was led to group all the strata below the Inocer-
amus beds in one division under the name of W 00dburyshales 
and s·andstones. Calvin:j::!: has i:o.terpreted the deposits as indi-
cating continuous subsidence. 
These views all accord in making the· Dakota a brackish 
water or estuary deposit formed under influences connected 
with marine conditions. The presence, however, in the sand-
stones of numerous plant remains has caused the Dakota to 
*Bul. geol. Soc, de France, (2), XXIV,56. 1865. 
tAm, Jour. Sci., (2), XXXIX, 157-174,. 1865. 
Urn. Jour. Sci., (2), XLIII, 171-179. 1867. 
§Mem Soc; Helvetique des Sci. nat, XII. t-21. 1851. 
IIU. S. Geol. Surv. Terr. (Hayden), Ann. Rep. 1870, 377-3El5. 1871. 
'Brit.'As. Adv. SCi., Mth. Meet" 1884, 739-741. 1885, 
**Proc, Acad. Nat. Sci. Philadelphia, XII, 415-147. 1861. 
ttGeol. of Iowa, I, 289. 1870. 
:j::j:Geol. Iowa, I, 147-161. 1893. 
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be considered by many as non-inarine orfresh-water. Marcou* 
advanced this idea, naming asa fresh-water form found in it 
Cyrena Nova-Mexio{tna. Capellinit held the same opinion 
saying: . "The Cretaceous strata in the environs of Sioux City 
* * -X: may be divided into two distinct parts, one rich in 
leaves, a fresh-water formation * * *." White:!: says of the 
formation in general: "This formation is of non-marine 
origin * * *. In some districts the presence of U nio * * * 
shows that fresh water conditions prevailed. In, other 
districts * * * forms indicate * * * brackish water, and in 
the southern and southeastern portion * * * fossils * * * 
show * * * the waters gradually changed from a fresh to a 
marine character." 
On the other hand, the marine' character of the deposits has 
not been without advocates. Thus Meek,§ in dissenting from 
Marcou, states his belief that Cyrena .LVova-JYIexiccww of the 
former is Cyrena Cfi1'enCt1'ia M. and H., which has been found 
with Axinea (Pectunculus), JJfactl'a sio'Uxensis and Pharella. 
Of?these, Mactra 'and Pectunculus are well known marine 
forms, and Cyrena and Pharella indicate brackish water. 
From this, Meek was inclined to believe that the Dakota beds 
were indicative of estuary conditions. Hayden, I! after quot-
ing Capellini's opi.nion, says: "I would simply say I have 
always regarded it as marine, and I am sure this has been the 
opinion of my friend Mr. Meek. At any rate, we have foun.d 
mingled with the leaves, at Sioux City, q~ite well preserved 
casts of Pharella (?) IJakotensis, Axinea Sio'Uxens,is and Oyp-
(rinct arenCtoea shells peculiar to 'marine deposits." Hicks' has 
reported the discovery at Fairbury, Neb., of a very rich 
marine fauna in the Dakota. These forms have been exam-
ined by White**, who finds that they are non-marine. Toddtt 
* Bul. geo!. Soc. de France, XXI,132-147. 1864. 
tMem. Soc. Hel¥itique des Sci. Nat .• XXI[, 1-240. 1867. 
:l:Bul. U. S. Geo1. Surv., No. 82.171. 1891. 
§ Am. Jour. Sci .• (2), XXXIX. 172. 
II Am. Jo.ur. SCi, (2), XLIII, 178. 
'\I Proc. Am. As. Adv. SCi., XXXIV, 219. 
** Proc. U. S. Nat. Mus., Vol. XVII, pp.131-138. Washington, 1895. 
++ South Dakota Geol. Sur., Bu!. I, pp. 82-8i. Sioux Falls. 18M. 
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has recently reviewed the subject and seems to think a marine 
or brackish water origin more probable. 
It would seem probable that the fresh-water character of 
the beds has perhaps been too strongly insisted upon. Cer-
tainly it is true, as remarked by Todd, that it is easier to 
account for fresh-water forms in marine deposits than to 
account for marine forms in fresh-water beds. The presence 
of marine forms mingled with the leaves at Sioux City, as 
noted by Hayden, and the undoubted close relations between 
the Dakota and Colorado as seen here, would seem fair war-
rant for the belief that Meek's suggestion of estuary con-
ditions is, here at least, a good one. The predominance of 
sandstone, its cross-bedded character, the presence of lignites, 
the occasional finding of marine forms, and the gradual trans-
ition upward into true mari.ne beds, are all analogous to the 
conditions found in the lower coal measures of the state, 
where they have .been repeatedly interpreted as indicative of 
marine shore conditions. 
COLORADO. 
Above the Dakota is a series of beds which are, on the 
whole, divisible into two parts. Of these the lower, which 
has been known as the Benton, or Fort Benton, is in Iowa a 
bed. of argillaceous shale of a prevailingly drab color, and 
with a maximum thickness of about forty feet. It is not 
usually sharply separated from the underlying more sandy 
beds of the Dakota or the overlying calcareous beds of the 
Niobrara. Lithologically it is, as a rule, more closely con-
nected with the Dakota, but paleontologically its affinities are 
with the Niobrara. The lower portion is seen in number 9, 
of the section at the Riverside Electric railway station, and 
it is better shown in numbers 12-15 of the North Riverside 
section at the Sioux Paving Brick works. Here it contains a 
thin, ~andy layer, and occasionally calcareous nodules are 
found in a more or less regular band. In the Cedar Bluff sec-
tion the Benton has its greatest thickness and is shown in 
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two facies, a lower, more argillaceous, and an upper, more 
arenaceous, division. The upper layers of the latter division 
show the presence of Inoceramu8 labiatu8 Schloth., and the 
beginning of the chalk. There is, however, a considerable 
slope before the well marked chalk beds are clearly exposed. 
The upper portion of the Colorado, the Niobrara, is shown 
at Cedar Bluff and on the tops of the hills northeast of the 
Brugier bridge. South of this point it is not exposed on the 
Iowa side of the Missouri, unless the locality in West Fork 
township already mentioned be excepted. On the Nebraska 
side of the river the beds are found near Homer, and Meek 
ano. Hayden* mention finding them thirty miles below 
the mouth of the Big Si01U:. Lonsdale has recently found 
these beds exposed as far south and ~ast as Auburn in Sac 
county. The Niobrara beds are predominantly" calcareous, 
. being made up of thin, shelly limestones with interbe-dded 
chalk. The limestone is well characterized by numerous 
fossilst among which in Iowa Inoceramus labiatu8 and 08tera 
conqe8ta are easily most Plominent. The limestone is usually 
crowded full of these shells. In addition to these forms, Mr. 
J, C. C. Hoskins:!: has found sharks' teeth onPerry creek(~p. 
90N., R. XLVII W., Sec. 17), and St. John§ mentions fish 
remains as occurring at Cedar Bluff. The hones of marine 
saurians have also been found. Calvin II who has recently 
studied the chalk .of the Niobrara, mentions a number of spe-
cies of foraminifera as occurring near Sioux City; 
In the pit of the Sioux Paving Brick Co., at Riverside, a 
number of chara;cteristic Colorado forms have been collected 
~ . 
from the beds referred above to the Benton. Among them 
may be mentioned Inoce],(tmu8labiat~t8 Schloth., Callista (Aphl'O-
d'ina?) ten1.lis M. & H. and. ppionocyclcf8 sp. undo 
In Meek and Hayden's Upper Missouri sec.tion five mem-
bers were reGo~ized. 
*Proe. Aead. Nat. SeL, Philadelphia, X, 25~-264. 1858 
i'See Staunton for a review of the Colorado fauna: Bul. U. S. Geol. Surv., No. 108. 1893. 
:l:See foot note: Proc. Am. As. Adv. Sci., XXXI, 1872, 1~1. 1873. 
§Geol. of Iowa, II, 1~8, 1870. 
lIIowa Geol. Sur , III, 213-236. 1895. 
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5. Fox Hills, sandstones and shales. 
4. Fort Pierre, blue argillaceous shales. 
3. Niobrara, chalks and limestones. 
2. Fort Benton, variegated shales. 
1. Dakota, sandstones. 
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These divisions were differentiated largely on lithological 
and stratigraphical grounds, and as early as 1856 these authors 
remark of numbers 4 and 5 that they are" inclined to regard 
(them) as only well marked subordinate members of the same 
natural group*." So Meek,l in his final report, notes the 
fact that paleontologically there are only three divisions. 
The term Colorado was proposed by King:): to include the 
beds previously known as Benton, Niobrara, and Pierre. It 
was later restricted by W:g.ite§ so as to include only the Nio-
brara and Benton and is in that sense used here. White. II in 
his earlier studies of the Iowa Cretaceous used the terms 
Woodbury shales and sandstones and Inoceramus beds. Cal-
vin~1 correlated these beds with the divisions as recognized by 
Meek and Hayden, and there seems now no ·need for the 
farther use of White's term~. The upper beds, known as the 
Montana formation, do not appear within the limits of W ood-
bury, though found in Sioux county farther north. 
PLEISTOCENE. 
The history of this region since the close of Cretaceous 
time falls readily into thl~e periods, the preglacial, glacial, 
and postglacial. The first of these extends throughout Ter-
tiary and into Pleistocene times, but inasmuch as the depos-
its made since the Cretaceous probably belong to the Pleisto-
cene the whole may be considered here. 
PREGLACIAL DEPOSITS. 
During Cretaceous times 'the sea invaded Iowa successively 
farther and farther, the encroaching waters coming from the 
*Proc. Acad. Nat. ScL, Philadelphia, VIII, 266. 1856. 
i·U. S. Geol. Surv. Tel'., (Hayden) IX, pp. xxi-xxvii. 1876. 
:t.U.S. Geo1. Surv. 40th. Par., T, 298. 1878. 
§U S. Geol. Sul'v. Tel'., (Hayden), Ann. Rep. of 1876, 22. 1878. 
!IGeologyof Iowa, 1. 289. 1870. 
~ A.m. Geol., XI. 300, 1893; and Proc. Iowa Acad. Sci., I. iii, T, 1893. 
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west. At first there was the period of estuary and shore 
deposits marked by the Dakota. Following this 'came a time 
when the clays of the infra-littoral zone, which are seen in 
the Benton shales, were being laid down. This period which 
in Iowa does not seem to have been a long one, was ter-
minated by the rapid incursion of the deep sea represented in 
the off shore deposits of the Niobrara. These waters swept 
far eastward, but apparently did not remain long. 'When the 
sea retreated there was a period during which Iowa remained 
perhaps but ljttle elevated above the sea. At the same time 
the later Cretaceous beds farther west were being laid down. 
At the close of the Cretaceous came the remarkable uplifts 
and earth movements which elevated the Rocky mountains,!' 
tilted the plains, and gave birth to the major features. of the 
drainage of the Mississippi valley. . These movements affected 
profoundly the area under consideration. It was elevated from 
its previous low-lying position to a point considerably above 
sea level, and not unlikely a good many feet above its present 
elevation. 
Sometime in the long period between the orographic move-
ments just mentioned and the advent of the ice, the Missouri 
river cut its present greater valley, which is as has been said, 
a great, rock-bound trough, from three to seventeen miles 
wide, with drift and loess-veneered walls on either side. The 
NIissouri, in part at least, cut down to a depth of from seventy 
to one hundred feet below its present low water level, and 
the same statement may be made respecting the minor 
streams. The erosion of the· Missouri cut successively 
through the Niobrara and Benton beds, and deep down into 
the Dakota. As the major stream worked -its way down step 
by step to lower levels, it carried with it the tributary streams 
until the whole drainage system was working on a plain con-
siderably below the pioesent. Here corrasion became incon-
siderable and lateral degredation set in. The efforts of the 
streams were directed to broadening their valleys. This 
stage seems to have been a long one, and it was in that period 
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that the wanderings of the river current, together with the 
usual tendency of river bluffs to retreat from the stream, led 
to the development of the now wide, but then perhaps wider, 
flood plain of the Missouri. 
At some time in the period between the retreat of the Cre-
taceous sea and the advent of glacial conditolls, at least a 
portion of Woodbury county was covered by a shallow lake. 
The deposits made at that time were noticed in giving the 
sand pit section. They consist of fine to coarse white sand 
containing occasional small pebbles, in the main granitic, with 
chips of wood and a few fossils. '1'he pebbles found are of 
small size, water worn, and of such type that they might 
readily come.froin eitller th~ west or the north. There are, 
so far as·a careful search reveals, no distinctively northern 
rocks present, and certainly no rocks showing ice action. 
The general character of the sand is much like that of the 
Neocene or Pliocene beds found a few miles west in Nebraska 
and Soutb Dakota. 
Similar beds occur at several other points in Iowa as well 
as in Nebraska and South Dakota. Todd*, who first described 
them, considered the beds to mark the eastern limit of Lake 
Cheyenne, described by King, and to be ·evidence· of the per-
sistence of that body of water up to glacial times. He men-
tioned finding Megalonyx remains in similar beds in IVIills 
county. In 1890t he added certain notes on the distribution 
of the sand, mentioning it as occurring opposite Oanton, S. D., 
and announcing its probable presence beneath the drift at 
LeMars. 
In the beds at Sioux City Mr. J. C. C. Hoskins found certain 
fossil teeth which, upon being referred to Professor E. D. 
Cope, were pronounced to be "three left superior molars of 
the horse, Eqwu8 Inajor Dek., of Pleistocene age; It is 
entirely restricted to that horizon." These teeth, and the 
Qones of the Megalonyx, already referred to, are the only fos-
sils ever found in these beds. They may, however, be from 
*Proc. Am. As. Adv. Sci., XXXVI[, 202-203.1889. 
tPl'oc. Iowa Acad. Sci., Vol. J, pt. ii, 14-15.1892. 
25G Rep 
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different horizons, since the Mills county beds and the sands 
found at Riverside are not, so far as known, connected. 
There is then, in the presence of these beds, evidence of a 
slight and probably short subsidence'" over this region occur-
ring in earliest Pleistocene, or possibly beginning in later 
Neocene times. The evidence exhibited near Sioux City 
seems to favor the belief that this subsidence took place 
before the Missouri river channel was cut. The objection to 
this view is the great breadth of the valley both at Sioux City 
and at some points higher up the river. It seems not 
improbable, however, that the present width of the valley 
is a resultant of the soft character of the rocks of the region, 
rather than the expression of long time erosion. This seems 
all the more probable when one considers the ,greater carry-
ing power of the river in glacial times. 
If this be the correct interpretation, we would have then, 
in this region, a period of deposition followed by a period of 
stream cutting immediately preceding glacial conditions; The 
period of deposition, coming as it did in earliest Pleistocene 
or later N eocene, would be in a general way contemporaneous 
with the Lafayette deposition of the southern and eastern 
United States. rrhe following of the deposition by a period 
of uplift, as evidenced by stream erosion, is also well in accord 
with the history of the earth movement as seen in other 
states. In this connection it is of interest to note that the 
stream cutting preceding the ice invasion is not peculiar to 
Woodbury county, but has left its traces in' many other 
counties in the state. The records of numerous deep borings 
.. 
have shown the presence of preglacial channels similar in 
character to those which are now followed by the streams of 
Woodb1].ry county, at many points. * These are not confined 
to Iowa, but have been found in many other states, and Mr. 
McGeet has pointed out that they may be traced from point to 
point unti] the region never covered by drift is reached. 
Here a similar set of trenches are round which may, in part 
*Iowa Acad. SCi., II, 23-26. Des Moines, 1895. 
tComillunicated. 
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at least, be definitely referred to the post-Lafayette emer-
gence. There would seem to be no good reason for separating 
these channels and, until a better correlation can be made, it 
would seem in place to consider the preglacial river chan-
nels of Woodbury and other counties in Iowa as the expression 
of the earth movement which terminated the Lafayette. 
GLACIAL DEPOSITS. 
J)rift.-W oodbury county lies outside the Altamont moraine 
and within the area covered by the Kansan ice sheet. The 
deposits found within the county and referred to this period 
are not conspicuous, owing in part to the presence ,of the 
FIG. 38. Ledge fOTI?ing waterfall, Woodwarth's glen. 
very thick loess and in part to the terraces along the river. 
Heavy beds of boulder clay, such as are commonly exposed in 
the southern and eastern part of the state, are occasionally 
reported from wells, but rarely exposed at the surface. The 
drift which is seen is thin and patchy, and frequently pre-
sents mo.re or less strong indications of water action. The 
section previously given of a gravel pit at Riverside is a good 
example, though usually the gravel and sand are mixed 
together so that neither ca.g b.~ 1J1?~d without screening. 
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In Woodwarth's glen, just outside the county (Tp. '86 N., 
R. XLIV W., Sec. 17, Sw. qr.), an opportunity is afforded to 
get a section into the heart of the loess promontory lying 
between the Little Sioux and the Missouri. This glen is a 
narrow defile cut by a small stream, and running back well 
into the interstream area. It is steep-sided and heavily 
wooded? and throughout· most of its e~tent nothing is seen 
except loess and a narrow terrace of modern wash dirt.. . Far-
. . . 
ther up the r~vine, the drift beds which underlie the loess 
may be seen. At one point is a small cascade where the 
. water falls some eight or ten feet. The section shown here 
is fairly typical, and is as follows.· 
FEET. 
6. Loess of usual character above, sandy below __________ 15 
5. Coar~e graveL __ :- _________________________ ~ _____ .~-~-- 1 
4. B01,llder clay ____________ · _____________ ~ ________ ~ __ :___ It 
3 .. Coarse, loose sand _______________ ~ ____________ ~_:.._____ 5 
::1 
2; Sand, consolidated to a fragile sandstOlle ___________ :.._2 
L Coarse sand ____________________ :..:.. __ :.._:..::.:.;:.·~_:~:::..::_:....::..:.. 6 
. FiG. 39. DrIft at waterfall in Woodwartb's glen. The numbers in the figu:re·refe:r to the· 
.numbe:rs of the section as follows: 1, No.1; 2, No.3; 3, No.6; No.4, represents a talUS . 
. The sand .formlng the base of the section is coarsely bed~ 
ded and loosely consolidated. The diff.erent members of the 
~ectio!l do not. m,ilintf1in themselve~ .QYE?:r any. g-reat f1rea~ 
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though the presence of the coarse sand is indicated at sev-
eral points farther down the ravine, and a large number of 
boulders are found in the bed of the stream. At one point, a 
blue boulder clay is seen to be present, though its thickness 
could not be determined. The fall at the cascade is due to 
the induration of the upper portion of the sand layer, as 
shown in the figure. This induration is due to the cementing 
of the fine gravel and sand by a calcareous bond, appar-
ently derived from the lime nodules, which are,' as usual, 
abundant in the loess. That the water is heavily charged 
with calcium carbonate is shown by the calcareous coating 
on sticks and leaves lying near the foot of the fall. The riv-
ulet is a wet-weather'stream only,' and derives its supply of 
water. from drainage of the.loe&suplQ;nd", 
, Near Anthon there is a second example of the secondary 
formation of lime conglomerate. In a small ravine (Tp. 87 
N., R. XLIII W., Sec. 16, Nw. qr., Se.1) there is a well 
defined .ledge of what is at first glance a limestone. A closer 
'examinatioll shows it to' be made up of pebbles .and coarse 
sand, cemented,together by a calcareous cement. The con-
solidated 'stratum' lies at the base of the loess capping the 
gravelly drift which is characteristic of the r~gion, and the 
l.edge of conglomerateOis ~bout eighteen inbhes thick. 
On the west ·fork of Little ',' Si6ux;below Moville,' little but 
, loess, is' seen. Atone or two·poin~s c~arse, sandy gravels are 
exposed. Between the east and west forks of the same river 
similar beds are occasionally seen, and along the east fork 
gravel terraces are found. At most of the exposures near 
Sioux CIty the loess ,rests ,dire'ctly upon the Cretace01:is 
rocks. - wIlere' 'drlff--deposlts :"occlir; 'th'ey~'are-'"vel~Y -simifar to 
the beds already described~ 
Along the loess escarpment, stretching southeast from 
Sargent's Bluff, there are occasional exposures of gravelly 
drift cropping out from beneath the loess. East of Hornick 
these beds have been opened up at one or two points for the 
purpose of obtaining gravel a,nd sa,nd. 
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An interesting phase of the drift is the brown to lead-
colored clay which is seen resting above the Riverside sands 
already described. This is :not in any sense a typical drift 
clay,and yet beneath it, and occasionally in it, are found 
boulders and northern gravel. It is very plastic, and may 
prove to be valuable in the manufacture of certain grades of 
clay goods . 
. Loess.-The most striking and picturesque feature of ·the 
topography of this region is _ the loess landscape. All along 
the Missouri, and a considerable distance up the minor streams, 
the loess is prominent. The earlier writers on this region 
referr.ed to it as the "Bluff deposit," since it f01~med so prom-
inent a feature in the river bluffs. At Sioux City it is 100 to 
Fig. 4.0. Country wagon road in the loess region. 
150 feet thick and is ~ell exposed in the numerous street and 
railway cuttings as well as innatural sections. It is the typ-
ical, nIie silt-like deposit of a light buff to ash-gray color, 
becoming slightly merged with the sand and drift below where 
the latter is present. It contains the usual loess-kindchen 
and is, in places, fossiliferous. 
i 
I 
I 
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Concerning the. origin of the loess some interesting evidence 
has reeently come to light.* Near Riverside station there 
is an exposure, illustrated in figure 41 whieh shows an inter-
" bedding of till and loess. As exposed in 1894 the section here 
is as follows. 
FEET. 
5. Loess of the USUd.l character, thickening back on 
the hills to 100 feet or more, and in which Todd 
in 1889 collected Heli."'i:. hirsuta, Lymnea and 
Cyclas __ __ _ _ __ __ __ __ __ ____ _ _ ____ ____ __ __ ____ ____ 30 
4. Clay, brownish to yellow, with numerous'northern 
boulders irregularly disseminated in it; dividing 
to.ward the south and feathering out toward the 
north ___________________________________ ----2to 12 
3. "Loess, ashen, silt-like, containing Succinia aDd 
other living for!p.s _____ " ________ ~_. __________ 2to ij 
2. Gravel, very coarse, wito northern bouldel's________ 10 
1. Talus of loess ___________ ". __ . ______________________ 12 
FIG 41. Drift interbedded with loess. Riverside, Sioux City. 
For this exposure the explanation has been offered of a 
slipping of till and loess from higher levels down into a lower 
terraee of loess. There .is, however, in one of the sandpits 
already mentioned, northeast of the Brugier bridge, a similar 
" " 
exposure which it does not seem can be explained in this way. 
This exposure, which is illustrated in plate v, is about 150 
feet above the river, and the till is above ~ny similar deposit 
*S!,)e PrQc. Iowa Acad. SCi., II, ~O-23. 18~5, 
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known to occur in the vicinity. The exposure shows a bed of 
typical till consisting- of a matrix of dark brown clay, in 
which are numerous boulders of Sioux quartzite (one of these 
is pointed out by thehamnier) and other northern rocks, 
with loess of the usual character, both above and below. 
The bed is of variable thickness, being- at the center more 
than sixfeet and tapering from that to a feather edge. From 
the outline shown, the bed seems to be lens-shaped, with a 
considerable areal.extent in proportion to its thickness. The 
loess is exposed to a considerable thickness, both above and 
below the till, and is in every way similar to the loess found in 
the neighboring cuttings. 
The presence of the till in the loess indicates the con-
temporaneous origin of the two deposits, and it seems clear 
that in this case the explanation offered for the Riverside 
exposure can not suffice, even if in that it be deemed sufficient. 
The till here was probably "dropped from a floating iceberg-, 
while the loess itself was being deposited as a fine silt in the 
quiet waters of the expanded Missouri. The position of the 
various moraines renders it very probable that this took place 
at about the time the ice occupied the Altamont moraine. At 
that time the channel of the Missouri, it is believed, had 
already been cut. The valley was, in fact, even, wider than 
at . present. When the ice stood ovet the r8gion northeast of 
Woodbury, this county was under water. The water was deep 
enough to float small icebergs over the tops of the pre-exist-
ing- bluffs, and in the quiet depth of this body of water the 
loess was laid down as finer silts are now laid down over a 
flood plain. The tendency would be to disguise the roughness 
of any pre-existing topography, and hence the loess would be 
banked up against any old shore. ~It is known that the loess 
as a distinctive bed extends. up the Maple to Danbury, and up 
the Little Sioux about to Oto. Beyond these points and over 
the upland it is not so typical and forms the covering which 
is the characteristic top dressing over the prairies of the 
northwestern counties. 


I 
i 
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TeJ'1'ctces.-Since the deposition of the loess two important 
series of beds have been laid down. These are the river ter-
races and the alluvial deposits. Strictly they form but one 
series, since the modern flood plain of the river is. merely the 
most recent terrace. Since, however, the earlier terraces 
were probably more or less directly connected with the later 
ice sheet, they may be considered as probably belonging to 
glacial history. The present flood plain must be considered as 
entirely postglacial. 
Todd in his work on the Missouri river has found that 
several terraces may be traced. One of these, which may be 
called the loess terrace, is well shown south of Sioux City and 
at other points in the county. From various stations on the· 
elevated railway, if one will look south toward Thompson's 
Bluff and the hills back of it and farther from the river, the. 
terrace form may be readily seen. Thompson's Bluff runs 
out as a spit from the river bluffs which rise back of it. From 
a distance the upper surface of the lower bluff forms a dis-
tinct line in the landscape. and is readily seen to be consider-
ably lower than the hills farther east. Traces of this terrace 
may be observed at- various· points along the Missouri near 
Riverside. Todd has suggested that this te~'race is a later 
silt deposition laid down at a time when the Missouri, while 
. much higher and larger than at .present, did not reach the 
height of the wat~s which laid,down the older and more 
prominent loess. . 
'Well-marked . terraces . are also seen along the minor 
streams in the county. Near Rodney on the Little Sioux 
there are three, as follows. 
3. Older loess terrace, 210 feet·above the river. 
2. Newer loess terrace, 70 feet above the river. 
1. Modern flood plain, 15 feet above the river. 
Near Anthon the following occur: 
a.Drift with thin top dressing of loess, about 150 feet above 
the river 
2. Gravel terrace, weU-marked, 1 to It miles wide, 30 feet 
. . above the river. . 
1. Modern flood plain, 14 feet above the river. 
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These various terraces have not yet been correlated, and 
no certain inferences as to their relations and age may yet 
be drawn. 
The structure of the terraces has not been investigated. It 
- , 
seems probable that they are genetically connected with the 
glaci<:tl deposits and were made at the time the Altamont 
moraine was formed. In the region there are terraces of 
deposition, a -very good example being shown in Woodwarth's 
glen. Whether all the terraces had a similar origin, or 
whether they are, in part, terraces of erosion, can not be 
stated. 
POSTGLACIAL DEPOSITS. 
Allwvium.-On the accompanying sketch map the alluvium 
and other superficial deposits are laid down. The map is 
approximate only,but the delimitation of the major areas of 
alluvium is believed to be accurate. The character of the 
alluvium in nowise differs from that which is usually found in 
river bottom land. The great width of the Missouri flood 
plain, however, and its uniform surface make its artificial 
drainage a -very difficult problem. Along the foot of the 
bluffs the usual back water swamp has developed in accord-
ance with the well known law that flood plains rise toward 
the stream. In this swamp the small streams from the hills 
formerly lost themselves, but now the whole is drained into 
the Little Sioux by an artificial ditch. 
Geological Structure. 
(ienel'Ctl Structu,pe.-The rocks of Woodbury county show 
but slight disturbances, and with the~exception of the break 
between the Cretaceous and Pleistocene, they present a con-
tinuous sequence. The Dakota, J?enton, and Niobrara follow 
each other in regular order, though it seems probable that 
within the county the Benton wedges out toward the south 
and east and the Niobrara overlaps, resting directly on the 
Dakota. . The rocks seem to have been but little disturbed 
since deposition. A general section up the Sioux river and a 
, .",~. 
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CROSS SECTIONS. 
corresponding reconnoissance 
up the :Missouri show that 
there is a slight dip to the 
north and west, but so far as 
this immediate region is con-
cerned the dip might well be 
believed to be the original sea-
ward inclination of the ocean 
.. floor. No folds or faults in 
the strata appear, and the 
occasional anticlines and syn- ~ 
<:;:; 
clines are of very inconsider- ~ 
able extent. 0 
CD 
OJ'Os8-sect-ions. -- A section ~ 0, 
along the NIissouri· and Big [ 
Sioux river from Sargent's g 
et" 
Bluff to Cedar Bluff is shown g-
>-b in -the accompanying figure. 6 
S 
Good exposures for extending ~ 
,., 
the section south does not ~ 
:: 
occur, though the presence ~ 
0:1 
of heavy sandstone -beds be- ~ ;:a 
longing to the Dakota, and of S-
o 
chalk beds of the Niobrara, g, 
';0 
is readily determined. In fig- ; 
ure 42 the numbers refer· to ~ 
localities as follows: (1) Sar-
gent's Bluff; (2) Floyd river; 
(3) Prospect Hill; (4) River-
side; (5) Cedar Bluff. The 
letters refer to the beds cor-
responding to those of the 
general section already given. 
The DakQta includes a-g, the 
Benton h-i, while j and k rep-
resent the Niobrara and loess. 
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ECONOMIC PRODUCTS. 
CLAYS. 
CHARACTER AND DISTRIBUTION. 
The geological formations exposed within this county are 
all clay producers or are capable of becoming such. The 
bedded rocks belong to the Cretaceous, and their general char-
acter may be inferred .from the descriptions already given. 
Above the Cretaceous is the thin bed of sand which seems to 
be earlier than the drift~ Over the drift there is. in the south-
. I 
western part of the county, a very heavy covering of loess in 
its typical form. Towards the northeast the loess covering-
becomes thinner. 
A generalized section of the rocks of the county has already 
been given. Clay suitable for manufacturing-purposes is 
obtained from numbers 1, 2, 5" 8, 10 and 15. Other layers 
might also be readily used. 
The lowest clay beds worked in the county belong to num-
bers 1 and 2 and are exposed at Sargent's Bluff. These'clay 
beds belong to the Dakota formation and are of excellent qual-
ity.The same formation includes the day bed exposed at 
the foot of Prospect Hill and the clays penetrated in the 
prospecting at theN orth Riverside pottery. Both Dakota 
and Benton clays are taken from the pit of the Sioux Paving 
Brick company, the Benton clays being found above the soft 
white sandstone, here rather a sandy shale, which occurs 
some sixteen feet above the base of the pit. The clay below 
the base of the pit, exposed in a tunnel near the factory, is 
evidently to be correlated with that seen .. at the foot of Pros-
pect Hill, and is above the Sargent's Bluff clay beds. 
The Benton, or lower division of the Colorado, - is best 
exposed ~t Cedar Bluff. As seen here it is made up of two 
separate clay beds ofn~arly equal thickness. The lower bed 
is more argillaceous and represents the horizon now worked 
at Riverside. The upper bed is rarely so pure as the lower. 
It frequently merges at the top into the chalk and limestone 
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of the Niobrara. There are thus four well marked clay hori-
zons in the C~etaceous of the county, three being in the 
Dakota and one in the Benton. They afford a wide variety 
of material and are adapted to almost any kind of clay work. 
Drain tile, sewer pipe, stock, face, enamel and paving brick, 
terra cotta and pottery may all be manufactured, and most 
of them are now actually being made, from .the Cretaceous 
clays of this region. It is; perhaps,. significant that the great 
... clay industries of New Jersey and Maryland are founded upon 
beds of the same age. 
In addition to the abundance and great variety of Creta-
ceous clays present in Woodbury county, there are other 
valuable deposits. The thin bed of blue-gray clay which 
overlies the Cretaceous near Sioux City is quite plastic and 
free from impurities. Apparently it would be valuable, and 
might be readily used. 
The drift in this ·county is thin and of irregular distribution. 
It seems hardly likely that it will ever rank as an important 
clay producer. Above it is the loess, which occurs in remark-
able purity and in great thickness. With the exception of the 
lime concretions which are often found in it, it contains noth-
ing deleterious .. The percentage of iron present causes it to . 
burn to a good red color, and the ease with which it is 
obtained and manipulated leads to its large use. It is a 
material capable of making most excellent ware, and is widely 
used. 
> •• 
Woodbury county is exceptional in the large amount of 
alluvial land which it contains. Fully one-fourth of the area 
of the county is covered by material of this character. Allu-
vial clay is so readily made up into common brick and drain 
tile, by the simplest and least expensive processes, that in 
other reg-ions it is largely used~ Here, however, the excep-
tional abundance.of better clays· make it hardly :proQabl~th::t~ 
the a.llvvium will ever meet with much favor~ 
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CLAY INDUSTRIES. 
The works of the Sioux Paving Brick company, of which 
Mr. W .. B. Lower is manager, are located between Riverside 
and North Riverside at Sioux City. The plant was estab-
lished some seven years. ago and has since been extensively 
enlarged. A Penfield plunger was at first used, but a Chambers 
machine with a rotary cut-off has since been substituted. The 
Chambers machine has given excellent satisfaction. A Pen-
field steam re-press has also been used to some extent. 
The brick .aredried in part in steam heated sheds, and in 
part under ordinary roofed. sheds. In burning, both a Hoff-
man ten-arch partition kiln, having a capacity of 400,000 brick, 
and a clamp kiln of 350,000 capacity are used. The material 
is taken from the Benton and Dakota horizons of the Creta-
ceous, and is· dug from a pit near the ~ilns. 'A gener.a;1view 
of the pit is sho1Yn in figure 43, and a· detailed section oI the 
strata is given below. 
FEET. INCHES. 13. Loess (on slope). ___ ~ _______________________ 10 
] 2. Shale, very arenaceous, with selenite in veins 14 . 
n. Shale, light to drab gray, in part sandy; 
selenite in seams________________________ 15 
10. Shale, with impure limestone in irregular 
boulder-like masses _____ .:;_______________ 3 
9 .. Shale and sand, ferruginous, in alternating 
layers __________________________________ ._ 4: 
~ 8. Shale, gray, non-siliceous __________________ 10 
7. Shale, grayish to drab, with four-inch rock 
ledges about the center ________________ 6 
6; Sandstone, calcareous, in pad shaly ________ 4 
5. Shale, gray fissile ___ . _______________ ':'_.:> ___ .- 2 6 
4. Shale, gray, very finely siliceous; with fer-
rug~ous. masses near middle, also in 
upper part __________________ ~___________ 5 6 
3. Shale, lignitic_:____________________________ 8 
2. Sandstone, light-colored____________________ 7 
1. Shale ______________________________________ 1 
Number 12 is· rather impure, containing in addition to the 
gypsum m~ntiop.ed? a thin ledge of hard, calcareous sal!drQ<;k~ 
l 
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rrhe shale of number 4 is of good quality though rather refrac~ 
tory. Number 8 contains the Benton fossils already men-
tioned. 
Nearly all the material taken from the pit may be used. 
Ordinarily the strata from number 3 to number 12, inclusive, 
are after the gross rock impurities have been sorted out, 
FIG. 43. Clay pit of the Sioux Paving Brick Co., North Riverside, Sioux City. 
mixed with a nearly equal proportion of loess and soil IDate~ 
rial. 
The brick shipped from this plant are of excellent quality 
and find ready sale throughout northwestern Iowa and neigh-
boring portions of the adjacent states. 
The plant of the Northwestern Sewer Pipe & Tile company 
is located a short distance south of the Sioux Paving Brick 
works. The material used is obtained from the Cretaceous, 
the clay being taken from beds 4 and 7 of the following sec-
tion. 
FEET. 
7.. Shale, gray to \vhite, silieeous______________________ 15 
6. Lignite, impure _________________________ -__________ 1 
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FEET. 
5 .. Sandstone, marly, white____________________________2t 
4. Shale, gray to white, with ferruginous colorings; 
also layers of siliceous boulders ____ ___________ 12 
3 ... Shale, drab to white,arenaceous __ :. __________ ._____ 2 
2. Sandstone, white to red ____________________ ~- . ____ . 7 
1. Shale, gray,. sandy, especia.lly below; exposed______ 7 
The clay is treated both by the dry.-panand. thew.et-pan 
prQcess and is wQrked uPQn a Vaugh machine. The ware is 
dried in a large tWQ stQry steam heated dry shed; and burne~ 
in Eudaly kilns, .of which there are nine qn the premises .. 
The pipe are glazed with. salt, and have a decided metallic 
ring as well as a handsQme appearance.,Aconsiderable·v.al'i~ 
ety .of sizes is turned .out. Sewer' pipe ranging ip.diamet~r: 
from. three inches tQ twoieet are being shipped;: "'Tb,e:ea~ly 
attempts at the manufacttn;e of sewer;pipe,~ttJiis"plq,'Q.t;w.e:r:~ 
quite discQuraging, but under new·manage:tn~I.Itb~tt·er-:reshlts: 
have been Qbtained~' ....... . . '", .. , 
The -Sioux City PQttery islQcated.nQrthQi t'm~~8i~0ui:J?av-; 
ing Brick works; it w'as established'sQme years'si:ilce/~y'Mi-.: 
J. K. Prugh, but has: nQt·been.il1·operationrecently .. c·:: rrlie: 
clay use.d was taken' from a bed'corresPQnding to irumber l' 
.of .tb.:~:.,§~cti~!f_;:t~t.::t:p:~",~iQl~~,g~!iD:KJ;~I.:i.Q.~:WQT·~~~Q§~~m._s: 
well adapted fQr u,se in the manufacture .of ordinary PQttery. 
When the plant was in QperatiQn a cQnsiderc:tble portiQn .of the 
ware was crimped. This CQuid prQbably be aVQided by pl'Qper 
treatment. 
The SiQux, City Brick & Tile CQ., .operate a large plant at 
Springdale, a suburb .of SiQUX City. They have a large 
annual .output .of building brick and ~Qmmand an excellent 
trade. The material used is the loess, and is taken frQm the 
bluffs alQng the FlQyd river. It i~ fQr the mQst part quite 
pure, thQugh lime cQncretiQns are abundant in certain PQr-
tiQns .of the pit. The Clay is mQulded .on a Kells & SQn stiff-
mud machine, and a small PQrtiQn .of the .output is treated .on 
a Drake re-press. In drying steam heat is used. A large 
RadfQrd partitiQn, and a HQffman cQntjnuous kiln are used in 
burning. 
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The Peterson & Smith brick yard is in the valley of Prairie 
creek, at Hamilton and Twenty-fourth streets. rrhe loess is 
used, being moulded on an H. Martin soft-mud machine, 
dried in the open air and burned in clamp kilns. 
C. B. Woodley operates a brick yard at the foot of Orchard 
Hill, near the Illinois' Central railroad~ A Wallace machine 
was formerly used, but a Kells & Sons h~LS been substituted. 
The loess is taken from a slope near the plant, and makes up 
into a smooth brick of excellent color. 
The Sargent's Bluff pottery was founded in 1838, being 
located at first on the west side of the Missouri river. In 
1862 it was transferred to its present site. Mr. E. Mattox 
now runs the plant, which consists of the ordinary pug mill, 
jolly and turning-wheel. A small down draft kiln is used in 
burning. The clay used is from a bed corresponding to No. 
2 of the section at the Holman pit. The bed is seven feet 
thick and seems well adapted to the manufacture of ordinary 
pottery. It stands a high heat and takes a good glaze. The 
output of the yard is small. 
The C .. J. Holman & Bros. Brick and Tile works were 
founded in 1867. For- the first two years hand-made brick 
alone were made. Later a Van Vallen horse power mud mill 
was used, but in 1880 a Cream City stiff-mud machine was 
substituted. This was in turn replaced in 1887 by a Penfield 
machine, and in 1890 a Chambers was set up. A number of 
different crushers, including the Wallace, Penfield, Potts and 
a Frey-Sheckler dry-pan. The latter is now used. The 
plant also includes a steam power Raymond re-press, ample 
shed room for drying, six down draft kilns with a total 
capacity of 400,000 brick, and one clamp kiln holding 225,000 
brick. 
The output is large and includes common, structural and 
fire brick,. pavers, sidewalk blocks and bricks, and stock brick 
from the r~-press. 
The clay used is from the Dakota horizon, and is dug from the 
south side of the long spit of high land known as Sargent's Bluff. 
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, The general section at this point has already been given. 
The details,seen at this individual pit are as follows. 
FEET. 
7. Loess, typical on slope ________________________ . __ ' __ 40 
6. Sandstone, exposed ____ ____________________________ 10 
5. Shale, ligrutic to argillaceous --~ _____________ .- __ ',._ H 
4. Shale, argillac~ous to sandy _________ ,______________ 5 
3. Shale, unctuous, dark to light gray in color ____ ~-- 8 
2. Shale," white," somewhat arenaceous_____________ 6 
1. Shale, buff to yellow and gray ______________________ 16 
With the exception of the sandstone and the lignite, the 
entire section is workable. The loess 'may be used for vari-
ous grades of str;uctural brick. Number 4 is used for quite a 
wide variety of purposes. Number 3 is well adapted to the 
manufacture of' pottery, burning white' with very little 
shrinkage. Number 2 is properly a fire clay, but combines 
readily with the less refractory clays and is largely used in 
the manufacture of common brick. Number 1 is especially 
good for dry"press building brick and pavers. It contains 
concretions of ferruginous sandstone, 'in which, as well as in 
the clay itself, the plant remains already noted occur. . 
The entire plant is conveniently arranged and it ·has ample 
railway facilities, being connected with the Sioux City -& 
Pacific railway, which runs just west of the ·yard. The out-
put of the plant is· of excellent character and commands a . 
ready market. So far but few paving brick have been manu-
factured, though a number of the streets of Sioux City have 
been paved with brick made at this plant. 
The Sargent's Bluff & Sioux City Brick company operate a 
plant located near that of Holman Bros. Up to 1892, when 
the plant was destroyed by fire, the company was known as 
the Terra Cotta Tile and Brick company. Early in 1893 the 
plant was entirely rebuilt. It now.includes a Boyd dry-press 
. and dry-pan, a Drake <:rusher, a large storage dry-house with 
elevators, a Barnhart steam shovel, five Euaaly kilns having 
a combined capacity of .1,200,000 brick, and a Radford con-
tinuous, fourteen-compartment kiln having a capacity of 
324,000 brick. 
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The clay used comes from the Dakota formation, and is 
taken from layers essentially similar to those exposed in the' 
Holman pit. The principal output of the plant is front brick, 
and numerous beautiful soTt tints, ranging from a deep red 
to cream white, 'are produced. Veneerings are being experi-
mented with, with good prospects for success. The quality 
of the ware produced is excellent and the output large. 
While. a considerable portion of the product goes to Sioux 
City, a large number of brick are shipped to various other 
markets. 
CEMENT. 
, The manufacture of Portland cement is a business which 
in this country is rapidly expanding. The Western Portland 
.Cement company of Yankton has shown that the chalks and 
clays of the upper :NIissouri region are especiaUywell adapted 
to this use. At the Yankton plant the chalk of the Niobrara 
and the clay of the Pierre are used, and by the wet process 
are made into an excellent grade of cement. The material as 
it comes from the pits is ground and mixed together in pro-
portions determined by analysis. This" slurry" is dried 
under sheds and then: broken up and burned. The burned 
material is reground by means of rolls and millstones and is . 
then ready for the market. . , 
Sometime since, experiments were carried on in Sioux City, 
in the course of which it was demonstrated that excellent 
cement could be made from material occurring at that place. 
The proportions used were five parts of one clay, two of 
another, and one of chalk. '* These materials all occur in 
abundance along the Big Sioux, north of Sioux City, and 
there seems to be no good reason why the manufacture of 
cement at some point along theriver, if carefully carried Oll, 
would not be successful. The value and importance of a 
good cement, in connection with the clays, which must always 
furnish the chief building material of the region, is apparent. 
The presence also of rock well adapted to concrete work 
*.j:..onsdale: Pro\!. Iowa Aca,d, Sci., II, 173. Des l\Ioines, 1895. 
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though not so readily available for dimension stone makes 
possible a wide use of cement independent of brick construc-
tion. 
BUILDING STONES. 
The rocks of the county do not afford any very great 
supply of stone suitable for building. Some portions of the 
Dakota sandstone may be available, especially the quartzitic 
facies, such as is seen at the Reese quarry; but the supply of 
sucb material is very inconsiderable. Cer·tain parts of. the 
Niobrara' chalks and limestones have been quarried to a 
limited extent in this region. The chalk rock, while soft, 
stands on the whole better than could be expected, but its 
use can not be recommended. So far as relates to supplies of 
building material, the clays must always be the main depend-
ence of the peopie of this region. 
LIME. 
The Niobrara chalks and limestone beds were in the early 
days burned for lime and afforded a fajrly good article.· The· 
local product has been, however, long since driven ·from the 
market by the better grades of eastern lime, and it seems 
doubtful if -the industry will ever be revived to any great 
extent. 
SAND AND GRAVEL . 
. These materials may be found along the major streams. 
The pits north of Sioux City. have already been described . 
. Along the Little Sioux the middle terrace furnishes in places 
good material of both kinds. The two materials are, how-
ever, so intermingled that neither can be used without 
screening. The loess, while not of much value for ballast, is 
much used for roadmaking; being admirable fOl~ fills and 
roadbeds. 
COAL AND LIGNITE. 
There is no reason to believe that coal in pa:ying quantities 
will ever be found within the limits of the county. If the 
coal me~sures ever extended over the region,. they must have 
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been very largely, if not entirely, removed during the long 
succeeding period of erosion. Such limited areas as may 
possibly remain, are securely buried below 300 to 500 feet of 
overlaying Cretaceous and drift. When one remembers that 
in the coal region of Iowa the beds themselves are so irreg-
ular that in some cases as many as ten or more diamond drill 
holes must be bored in a single section before the coal bed is 
outlined definitely enough to warrant planning the mine work-
ings, it will readily be seen that the expense of prospecting 
would here always exceed the returns reasonably to be 
expected, even admitting the possible presence of outliers of 
coal; a point which is itself open to more than doubt. 
The Cretaceous beds contain, as has been said, certain 
bands of lignite. These usually occur in the Dakota, though 
the bed so long intermittently worked at Ponca is found near 
the base of the Benton. Thin beds may be noted at several 
points along the Missouri and Big Sioux,but those seen in 
this county are of very inconsiderable thickneiSs. These lig-
nites are impure forms of coal. As shown here they usually 
consist of thin streaks or seams of coaly matter, from one-
fourth to three inches' in thickness, interbedded with loose 
carbonaceous clay. The latter is often plastic and may be 
moulded with the fingers. The thinner streaks of coaly 
matter burn readily, but the proportion of combustible mat-
ter to clay and dirt is very small, an,d they apparently can not 
be made available except by washing the dirt out. If a bed 
of sufficient thickness to justify the expense should ever be 
found, it is possible that, by grinding and washing, a material 
could be obtained which in the form of briquetts would find 
ready sale as a fuel.· Such seams are not, however, known to 
occur. The Dakota, as exposed along the river, shows no 
coal beds approximating the requisite thickness, and there is . 
no good reason to believe that the exposures here are other 
than typic;1l. . 
." ';'" .. . '.-
"." '~ .. -- . c·"":.:. ". , 
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WATER SUPPLY. 
The many rivers and streams afford at all ordinary times 
abundant supplies of water. . Wells of good character may 
almost always be obtained by sinking to the base of the 
loess. ·In Sioux City the wells derive their water from the 
drift. With the exception of those which are sunk in· 
recently made land, they are not affected by the rise and fall 
of the river. The drift horizon is marked by a number of 
springs in various parts of the county. There is a second 
. spring horizon at the base of the Niobrara. One ·of the best 
known springs which belongs to this horizon is the Lithia 
spring on the Talbot farm (Tp. 89 N., R. XLVIII ·W., 
Bec. 1). _ 
Water was obtai.ned in the deep well at Sioux City at three 
horizons. A water-bearing sand and· limestone wasencount-
ered at 540 feet, and extended to 570 feet. From this hori- . 
zon water rose to· within twelve feet of the: surface.. At 
about 1,250· feet· a second water-bearing sa:nd rock was 
encountered. This extended to 1,270 feet, a.nd a flow 6f three 
gallons per minute was obtained. At 1,480 feet a third fluw 
was obtained. 
The water from these horizons seems to come from the 
Paleozoic, and hence to be below the Cretaceous. The 
Dakota sandstone, ·which forms the great source of phreatic 
water throughout South Dakota, crops out along the Sioux 
and ~Missouri rivers. It Is marked on the Nebraska side of 
the Missouri by a number of beautiful springs, and appar-
ently loses its water supply, to' a very large extent at least, 
. before entering Iowa. There is very little reason for look-
ing upon it as· a probable source of water supply in this state. 
SOILS-. 
The soils of Woodbury county are of great fertility and 
value. They are made up of alluvium and loess, and the 
absence of boulders makes cultivation easy. The porous 
nature of the loess covering of the upland simplifies the prob-
lem of drainage. 
IOWA GEOLOGICAL SURVEY 
COU NTY, 
IOWA. 
BY 
H. FOSTER BAIN 
1896. 
AID RECEIVED. 299 
ACKNOWLEDGMENTS. 
Thanks are due to those gentlemen of Sioux City who have 
so courteously aided in every way possible myself and other 
members of the survey in our work in this region. Among 
the many may be especially mentioned Messrs. D. H. Talbot, 
John H. Charles, Judge G. C. Wakefield and Mr. J. C. "C. Hos-
kins. The co-operation of the l:;tst named gentleman has 
been especially helpful, because of his long and intimate 
"knowledge of the locality. His published notes* have been 
found to be both accurate and valuable, and have been freely 
incorporated in this report. To Prof. J. E. Todd, of Vermil-
lion, South Dakota, special acknowledgments are also due for 
co-op8ration in the field and for many suggestions regarding 
the Pleistocene deposits. Of the members of the survey, the 
notes of Dr. Calvip. on the Cretaceous, and of Mr. E. H. Lons-
dale on the clay industries, have been freely used. 
" * Hist "Woodbury and Plymouth counties. Chapter II, Topography and Geology, pp. 140-46 
Chicago, 1890-1891," " 

GEOLOGY OF WARREN COUNTY. 
BY 
J. L. TILTON. 
21 G Rep 
". '.-,iI 

GEOLOGY OF WARREN COUNTY. 
BY J .. L. TILTON. 
CONTENTS. 
PAGE Location ________ ~ __________________________________________________________ : 305 
Physiography ____ -:- ___________ . _____________________________ ~ _______________ ~ 305 
Descriptive Physiography ---------- -:..---- ------c- ________________________ ·306 
.General Drainage of the Region _____________________________________ 306 
Streams of VVarren County ________ ~-------------------------------- 306 
General Character of Streams __________ ~ __________________ ., __________ 307 
~scarpment1[akers-----------------------------------~-- ___________ 308 
~scarpments.: ____________________________________ ~ _________________ 309 
Skyline ___________________________ . __ ,.. ____________ . __________________ 309 
':Dip ___________ :- ___ . ______________ ~ ___ ~_.:. ___________ ~ ________________ 310 
Explanation of Physiography ______ .,- ___________________________________ 310 
Immensity of ~rosion ___ ~ _______________________________ ~ _________ ._ 313 
Table 'of Elevations~ __________ ~ __________ .: ________ ~ _____________________ 3t4 
. Geological FOrIDations ________________________ ~ ________ ,..----------- _________ 317 
Pleistocene ______________________________________ ,..---------------- ______ 317 
lllluvium ___________________________________________________________ 317 
Loess __________________________________________________ .~ ___________ 318 
Drift ________________________________________________________________ 319 
Carboniferous __________________________________________________________ 320 
General Description ________________________________ ~--- ~ ___________ 320 
R~la.tions to Underlying Strata ______________________ .:. __________ 321 
Conditions of Deposition---------------------------------------- 321 
Relations to Overlying Strata ___________________________ ~. ______ 321 
Ola.ssification of Formations _______ · ______ •••• 9 .. ". .... _.,. .. ___ .,~~~~~~~- ~~1 
303 
304 GEOLOGY OF W Al~REN COUNTY. 
PAGE 
Detailed Cross-sections_ _ _ ___ _ _ ___ _ __ _ __ __ __ __ __ _ _ __ __ __ __ __ __ __ _ _ __ 323 
South River ____________________________________________________ 3~3 
Whitebreast Creek _____________________________________________ 331 
1iiddle River , __________________________________________________ 332 
North River _________ . ________________________________________ 338 
Southeast to N orthwest _________________________________________ 340 
Economic Products _____________________ ~ ___________________________________ 342 
Coal ________________ . ___________________ " ______________________________ '-_ 342 
CoalIIorizons ___________________________ , ___ ~---------- _____________ 342 
Lower Group ___________________________________________________ 344 
Upper Group _____ . _____________________________________________ 346 
Intermediate lIorizons __________________________________________ 347 
Statistics of Coal Production ________________________________________ 348 
Water Supply __________________________________________________________ 350 
Rainfall __________ ~ _______________________ ~ _________________________ 350 
Wells _______________________________________________________________ 351 
Surface Wells _________________________________ '::, ________________ 351 
Deep Wells ____________________________________________________ ,_ 352 
Oil and Gas~ _____________________________________ ~ ___ ~ __________________ 354 
1iinerals ____________ :.. __________________________________________________ 35! 
Building Stone _ -- __ '- ____ -______________________________ c--- ____________ 355 
Clay __________________________________________________ ~ _________ : _______ . 356 
Deposits ___________ c ________________________________________________ • 356 
Clay-working J?lants _______________________ c _______________________ ~ 358 
Pottery _________________________________________________________ 358 
Brick ______________________________________________________ " ___ 35S 
Tiling _____________ .: ______ . _________ .-- __________________________ S59 
Soil __________________________ .. ____ .. ______________ . ______________ ., _ _ _ _ _ 359 
1iap ________________________________________________________________________ 359 
OYOLES OF EROSION. 305 
LOCATION. 
Warren county is in the south central part of Iowa .. It is in 
the th~rd tier of counties from the southern boundary and in 
the center of the state east and west. 
PHYSIOGRAPHY. 
The weathering of the rocks supplies In various ways 
material which is gradually washed' into the streams. The 
latter, working under the force of gravity upon strata of dif-
ferent hardness and dip, eroding here, depositing there, 
effected by the slightest crustal movement, writes the geo-
graphic history of the region in the landscape. 
When once a broad plain h8,8 become subject to erosion, the 
gradual wearing away of the rocks would, after a period, 
reduce the country to a surface dotted with low rounded hills. 
The series of changes which a landscape undergoes as it thus 
wears away until it is :;tgain raised for erm;ion to begin its 
work anew, constitutes a cycle.· Generally the changes of 
one cycle erase from the landsca,pe much that resulted from 
preceding cycles; but in the area under consideration the 
oscillations that have o'ccurred since the land was finally 
raised above the sea, each successive elevation marking sep-
arate incomplete cycles, seem to have aided erosion along 
lines first marked out and hastened the development of the 
present physiography. 
Theinterpretation of the physical geography of Warren 
county must not only answer . questions pr~sented by the 
topography of the county itself, but also explain the phenom-
ena presented in the adjoining counties. It must be in har-
mony with the facts observed in the great area now 
drained by the Missouri rIver. It must stand in proper 
relation to any explanation of the conditions existing in 
northeastern Iowa. It must allow a sll-itable explanation of 
the upper course of the Mississippi river as contrasted with 
its course· farther south.- All these physiographic features 
are expressions of the movements that have occurred in the 
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. various parts of the Mississippi valley and the explanation 
of any one must be in harmony with a possible explanation 
of all. 
DESCRIPTIVE PHYSIOGRAPHY. (> 
General Drainaqeof the Reqion.-Along the eastern border 
of the state flows the Mississippi river, along the western the 
Missouri. These two great rivers are the master-streams of 
the entire west central region of the United States. A line' 
passing through Clarke county, the southwestern part of 
Madiso~, through Adair, thence in a continued curve through 
Sae,'Buena Vista and Dickinson counties, divides the state 
into two areas, the larger one to the east draining into the 
Mississippi river, the smaller area to the west draining into 
the Missouri. In the eastern area are large secondary rivers 
-in this case subsequent streams-some of them originating 
along this divide and gathering to their waters the numerous 
smaller streams that drain the adjacent territory. Two of 
these streams, the Des Moines and. Skunk rivers, have 
selected their courses along the shales of the coal me"asures, 
draining. an area between the heavy limestones of the Mis-
sissippian series to the northeast and similar limestones of 
the Missouri stage to the southwest. 
Streams of lVaTren (Younty.-Among the streams referred to 
al~e North river, Middle river, and South river, all of which 
take their rise along the crest of the divide in Clarke, Madi-
son <and Adaii' counties, and meet the Des 1-Ioines river near 
the northeastern corner of Warren county, together draining 
an area of approximately 1,440 square miles, including the 
whole of Warren county with the exc~tion of the southeast-
ern part where the drainage is into Whitebreast creek; another 
of the streams arising along the divide and flowing parallel 
to the three rivers _mentioned to the Des Moines. It should 
be noticed that all the main streams of the county have a 
general direction to the northeast. 
The areas drained by these rivers are as follows. 
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Area drained out-
side the county. 
Area drained with- Total area 
South river _______ ~____ 278 
Middle river___________ 352 
~orth river ___________ _ 
Whitebreast __________ _ 
312 
329 
in the county. drained. 
304 582 
114 466 
80 
69 
392 
398 
Genm'al Ohct1Ywtel' of the St1'e(tlnS ((,8 Illustrated by Middle 
River.-Middle river lies close to bluffs on the south along' its 
entire course through the county, though departing here and 
there in sharp curves as it wanders across a flood plain exces-
sively large. 
In the long gentle slopes to the north of the river are but 
few well developed ravines. The few that exist are in J effer-
son township. The bluffs along the south of the river are 
cut by numerous trenches; some running three to five miles 
into the uplands where they originate in numerous smaller 
ravines between' the gently rounded knolls. One of these, 
Clanton creek, is of considerable importance, having a well 
developed valley of its own which in direction and size is 
analogous to that of Middle river. Only a portion of this 
stream, however, lies within'the county. In the lower course 
of the river Butcher creek is developed parallel to the gen-
eral course of the main stream, but reaches it. only as that 
river is about to join the Des Moines. But~her creek then, 
in the rank of its development, corresponds to Middle river 
rather than to a: lateral ravine. With the exception of these 
two creeks, especially the latter, all the ravines extend later-
ally from the rivers. 
This description of Middle river stands in a general way for 
both North and: South rivers, excepting so far as relates to 
the particular lateral ravines that exist. From the uplands 
south of South river flow three large creeks, Coal creek, 
Otter creek and Squaw creek, while the river itself flows 
parallel to these creeks along the west side of White Oak 
township., 
EscCt1'Plnent McikeJ's.-For the most part the strata consist 
of soft clay shale with interstratified calcareous sandstone. 
, 
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The latter is quit(3 thin, the beds being rarely more than 
about eighteen inches in thjckness. The sandston(3 generally 
decomposes easily on exposure to the air because of oxidation 
of the contained iron, and the reaction between the suI ~ 
phuric acid derived from the pyrites and the limestone. 
Certain of the strata deserve especial attention. The heavy 
brown~sh sandstone that caps the bluffs along the Des Moines 
river in the northeastern part of the county, and extends 
some distance along the lower course of South river, gives a 
most interesting variation to .the usual slopes where the river 
cuts into the hills. This rock is. not resistant, and only forms 
very steep slopes where the river can wash away the rapidly 
accumulating talus. 
At Spring Hill a sandstone which lies. a few feet above the 
railroad track contains so much lime that the lower part of it 
well deserves to be called a limestone. This lower pbl'tion is· 
esp~cially resistant to atmospheric action and prevents the 
rapid wearing away of the hillsides. In the hill~ south of 
South river; especially in. Otter township, is a layer 6f very 
desirable stone which occupies a position similar to that of 
the Spring Hill sandstone, and likewise aids much in protect-
ing the uilderlyingsb:ales. 
In the centr~l and eastern part of Whit~ Oak, high sand-
stone bluffs again appear. . While easily decomposed they 
form a conspicuous· feature in the sections referred to, and 
seem" to supply the material underlying the drift through the 
entire western part of White Oak. This sandstone is also to 
be found at various points of the county east and. south of the 
bluffs here mentioned. ~ 
. Across the central parts of Virginia, Squaw, and· Liberty 
townships a heavy arenaceous limestone of about five .feet 
in thickness outcrop&. Here again the underlying soft strata 
are well protected. "\Vhere thus protected the strata stand 
out more prominently. along the rivers and ravines, forming 
escarpments especially marked in comparison with those 
found elsewhere in the county. 
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ESf}(f/Jpments.-A topographic map of the county would show 
that lines of -escarpment are to be found where these harder 
rocks exist, forming irregular fronts approximately at right 
-'angles~to the general direction of the rivers and creeks, 
though the escarpment lines would be very faint. One 
escarpment is along the Des Moines river; a second extends 
northwestward through Otter township, then westward across 
the northern part of White Oak, finally northward through 
Jefferson and Linn townships, forming a very irregular front 
with outliers of high ground at and north of Indianola. The 
FIG, M.The skyllneas seen just, south of Indianola, looking southeast across the bottom 
lands_ ofSputhriver towards Otter township. The brow ottbebill in the' foreground cuts 
'bff- the-vIew'of the-more'gehtle"slop"El"OIi "the'north 'side of the valley, as "c-ontraste-cl: with 
the more abrupt slope in the distance, . 
third line of escarpment extends southeast to north west across 
Virginia township, though this same escal~pment is continued 
at a somewhat lower level across Squaw township to north 
, of Liberty Center. The general trend of the escarpments is 
westward through the southern half of the county, and in a 
curve northward through the western part of the county. 
The 8kyline.-Looking out upon the horizon from the top of 
i any of the hills the highest surface is seen to extend in all 
directions in a quite even skyline rising gradually to the 
southwest, though this general rise of uplands within the 
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county is scarcely perceptible to the eye. It is, however; 
perceptible along Middle river in the eastern _part of Madison 
county, especially when looked upon from a distance to the 
north. Figure 44 is presentedespeciaUy to illustrntethe 
evenness of skyline, while figures 45 and 46 also bring out this 
feature. 
Through the upland the larger streams flow along beds of 
even slope, only varied slightly here and there as they pass 
exposed broken edges of the harder layers -of sandstone. 
In every direction the highlands are deeply cut by ravines 
that divide and subdivide till on close view nearly the whole 
country seems roundedqnd smoothed. Fig-ure45 brings out in 
a measure this branching of the ravines, and the rounding of 
land between them. -~ . 
FIG. 45. Vi,ew down. one' of the small ravines selected as a type to illustrate the brancbing 
and rounded sides of ravines. This ravine is on the southern outskirts of Indianola look-ing southwest. . 
'Dip of Et?'ata.-While there are escarpments progressively 
.. 
higher to the southwest (" retreating-escarpments") and the 
strata of the county have an almost continuous, though . 
slight, dip in the same direction,~the rivers flow across these 
escarpments in a direction opposite the dip to join the Des 
Moines river. -, 
EXPLANATION OF PHYSIOGRAPHY. 
Since a correct interpretation of the physical geogTaphy of 
this county must stand in accord with' aU that surrounds it, 
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it is to be regretted that the details of the physiographic 
development of the large area to which the southwestern part 
of Iowa belongs, have not as yet been thoroughly worked 
out; but the following conclusions reached by geologists here 
mentioned present the best information at present obtainable 
concerning the part of the country in which Warren county 
is situated. 
First.-It is commonly recognized that throughout Creta-
ceous times a part of Iowa and a vast region to the west was 
the bottom of a large sea extending from what is now the 
Gulf of Mexico, northwestward possibly to the Arctic ocean. 
Second.-As stated bxUpham* there is evidence of a gen-
eral uplift of the country ~t the close of the Cretaceous period. 
ThiI'd.-Toddt infers from evidence he finds that southwest-
ern Iowa was at .a low elevation up to the beginning of the 
Glacial epoch. 
F07.lTth.-In the article mentioned by Upham the next gen-
eral uplift is referred to the beginning of the Tertiary period 
and the next, "Between the,general Tertiary cycle of base-
levelling and the glacial period." 
. Fifth. - Westgate, - in tracing the "Geographic Develop-
ment of the Eastern Part of the TYIississippi Drainage Sys-
tem,":I: presents the conclusi9n that up to the close of the 
Cretaceous period the upper part of the Mjssissippi river, 
which is older than its more southern extension, had an out-
let toward the west; and that from the close of the Creta-
ceous period the Missisippi came to flow in its present valley 
east of Iowa. While the uplifts mentioned affected nearly all, 
if not all, of the United States, they were more marked in the 
western' than in the eastern part of the country. 
To the above conclusion may be added another: whatever 
changes§ in altitude may have occurred since what is now 
*Tertiary and Early Quaternary Baselevelling in Minnesota, etc., Am: Geol., Vol. XIV 
page 235. Minneapolis. 18940. 
tProc. A. A. A. S., Cleveland meeting, Vol. XXXVII. 1888. . 
tAm. Geol, XI, pp. 245-260. 1893 .. 
§For the change in elevation during the Carboniferous period, see Iowa Geol. Sur v., Vol. 
u~m.·· '. 
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Warren county:6.rst emerged from the waters in whIch the 
strata were deposited, the changes did not affect in any 
marked degree the horizontal position of, the strata in central 
and southwestern Iowa., It is probable that the direction of 
drainage over the whole of the central and southwestern part 
of Iowa was toward the southwest, till the close of the Cre-
taceous period. 
" The features of the county already described find their 
most probable explanation in the following outline of events. 
Throughout Cretaceous times the surface was that of a low, 
plain draining to the west, with lateral streams' developing 
along the outcrop of the soft shales. These lateral streams 
would be called subsequent steams.' At the close of the ' 
Cretaceous period the elevation, especially markecrwestwa,rd, 
gradually changed the drainage over a considerable portion 
of the state to the southeast, the lines of di'ainage foHowing 
the direction of the subsequent streams already developed 
along ,the strike of the soft strata. To this group of subse-
quent streams flowing to the Mississippi as the master-stream, 
belong, among others, the Des Moines and the lower course 
of Chariton river. From these subsequent stre;1p1s, other 
streams worked their way back on either side, those on the 
south working their way as obsequent streams in' the val-
leys that formerly drained southwest: ','To this group.of obse-
quent streams belong North, Middle and South rivers of War-
ren county, also Butche:r creek and White breast creek. At 
the present time the divide between these streams and those 
still flowing southwest, extends through Clarke county, south-
western:Nladison and through Adair. .. 
The course of Chariton river exemplifies particularly well 
the results of such it history. It pas worked its way b~ck 
along the strike of soft strata to the city of Chariton as if 
beheading one stream after another. Above, Chariton the 
,course is from the southwest. The, beheaded stream still 
continuing toward' the northeast is Cedar creek. In Warren 
county a similar tendency to develop valleys parallel to the 
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strike of this same outcrop of soft strata is observed in all 
the streams. From the Whitebreast creek a ravine now 
extends along the strike of the soft strata with the head of 
the ravine even between Chariton river and Cedar creek. 
South river flows north along the west side of White Oak 
township and then turns east along the same series of soft 
strata, while another ravine just beyond a narrow divide con-
tinues the northwardcou,rse to Middle river. During the 
·Glaci~l.epoqh- the land; re.ceived its superficial deposit that 
clogged allthe ri~er valleys,.: In,to·this deposit the rivers 
have . ~ip'ce .. cut their present trenches, though· not to the 
q.epth 'of the.preglaci~lvalleys~ The rivers and their 
largert;ributa,ries. :;tire ~tilIinthe<preglacial~alleys, but many 
of the . smaller. r~vines haye nq.relation tb preglacial ravines. 
FIG. 46. The broad valley of the Middle river, as seen ll?oking south toward Sum:nerset: In' 
the .foreground the hill slopef? gently toward the tJottom land Beyond MIddle river, 
along the distant margin of tne lowlands, the hills rise comparatively abruptly. 
Immensity of the Emsion.-The. immensity of the erosion 
cannot fail to impress one who stands upon the hills overlook-
ing Middle river at Summerset (see figure 46) and looks up and 
down the wide valley containing that stream, usually so 
insignificant. 
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Sbuthof Indianola the evidence of great erosion is no less 
marked as is shown' by figure 47. These· two illustrations 
serve as types of all the larger valleys in the county. 
. .'. .... 
FIG. 47 .. The broad valley o:fSouth river, as seeu lookin~ northward toward Indianola. Here' 
the river has left the steeper hins 'on the south or the valley- and 'wandered, over the 
fiat lowlands of the valley itself. In the background the gradually J:ising hills can be 
seen below the distant skyline. ' 
This erosion, immense though it is, is not yet completed. 
The landscape still presents much than can be eroded before 
the country is i·educe¢!. to a peneplain .. ' We have a lahdscape 
that is only appr<?aching maturity of development~ . 
TABLE OF ELEVATIONS: 
As there is no topographical:rp.ap of the c~mnty, the follow-
ing records of altitudes are inserted as a basis for a; study of 
the topography, a table for general reference, and a series of 
stations for use,. should the preparatiDn of a topographical 
map ever be undertaken.~ . 
The various levels obtained haye been reduced to sea level 
at the Gulf of Mexico, Biloxi gaug:e, taking the record of ,the 
C;, B. & Q. railroad s_tation at Indianola as a central station 
assumed to be correct. By means of a barometer, the level 
of the C., R. I. & P. railroad station at ,Indianola was com-
pared with the C., B. &' Q.station at that place, thus elimina-
ting the slight disagreement (five and a half feet) in the 
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railroad survey records. The record of the D. M. & K. C. rail-
road levels were then connected with the C., R. I. & P. rail-
road records by mean~ of the crossing west of Lothrop. From 
these known levels the altitudes of the stream beds at differ-
ent points were determined, either by a barometer or by a 
tape line, and the slope of the streams ascertained. 
(Tp. 77 N., R. XXII W.) 
FEET. 
Section 12, Sw. qr., Sw: t, river bed of South river 
beneath the railroad bridge _________ ~ ________ . __ 735.7 
Ford railroad station__ __________ ______ __________ ____ 759.74 
Section 34, river bed beneath the wagon road bridge_ 759.44 
(Tp. 77 N., R. XXIII W.) 
Section 2, river ped beneath railroad bridge over 
North river ________ .::-____________ . ____________ ..,___ 760.45 
Carlisle railroad station ______ ~ __ ... _______ .:.___________ 787.1. 
Section 12, ?-,iver bed beneath wagon road bridge ____ 8l2.21 
Section 15, river bed beneath wagon road bridge; Mid~ 
dIe river. _______________ " ______ ._____________ ____ 750.35 
Summerset junction __ ~ ______________ . _____ . _________ 799.1 
Smnmerset station ___________ ~ ________ ____ ______ ____ 802.1 
River bed of Middle river, close to Summerset ._~___ 775.1 
(Tp. '77 N.,R. XXIV W.) 
Section 18, Norwalk railroad station ___________ . _____ 982.15 
Section 21, Ne. qr., Se. i, bed of North river .. _____ . 780.44 
Section 30, river bed beneath railroad bridge . ______ . 806.15 
(Tp. 77 N., R. XXV W) 
Section 36, where railroad crosses the township luie. 878.15 
(Tp. 16; N., R. XXII W.) 
Section 4, river bed beneath wagoB-road bridge._ .___ 768.31 
Section 19, river bed beneath railroad bridge._ ._____ 805.87 
(Tp. 76 N., R. nIn W.) 
Indianola, C., B. & Q. railroad station ____ .., __________ 968.6 
Indianola., Roek Island station __________ . ____________ 964.1 
Ackworth railroad station ___________________________ 856.99 
Section 25, river bed beneath railroad bridge ________ 775.1 
(Tp. 76 N., R. XXIV W.) 
Section 4, river bed beneath wagon road bridge east 
of Spring HilL_~_________________________________ 798.47 
Spring Hill railroad station_________________________ 839.1 
'Sj3ction 8, railroad beneath wagon road bridge south 
of Spring Hill __________________________ .,_________ 806.26 
(Tp. 76 N., R. XXV. W.) 
Prole railroad station ______ . ________________________ 989.15 
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FEET. 
Lothrop railroad station ______ ~---,.,-.,.~~ ... -,_::----------- 847.1 
Junction of Winterset branch and the j):'fv.t &, K. C" 
railroad ~ ____ ~ _. _________________ . ____ .- ___________ ~ 837.4 
.Des Moines & Kansas City railroad bridge over Mid-
dIe river _______ -_______ ~ ________ . - _ ----c- ____ --___ 842.15 
River bed beneath the Des Moines & Kansas City rail-
.. road bridge __ ~_.: _____________________________ ~ ___ 816.15 
Bevington railroad station______________________ ____ 868.1 
River beC!- at Bevington ______ :. _____________ ~ _________ 852.1 
Wick railroadstation ________________________ . ___ ~ __ 597~15 
(Tp.75 N., R. XXIIW.)· 
Milo railroad station __________________ ~ __ :._~ ____ · ___ ~ 971.53 
Top of recorded well boring, Sec~ 19, Sw. qr.j Nw. t 937.53 
(Tp. 75 N.; R.XXIII·W.) 
Section 6, riverbed beneath bridge south of Indianola 801.1 
(Tp. 75 N.,R:XXIVW.) 
Section ;6, river bedb~neath wagon road bridg~ ____ ~_" 838 .. 72 
Section 31, river bed, Sw. qr., SW. L---_~-----------' 869.9 
(Tp. 75 N.,R. XXV W.) 
Railroad at crossing of road, one-half niile westo! 
Saint Mary's ____ ~ __ ~ ~ _________ -: ____________ ' ____ __ 1,Q62.15 
Section 19, railroad at county line _________________ 1,069.15 
(Tp. 74 N., R. XXII W.) 
Section 13, creek bed of county line ____ ~ _____________ · 787.74 
Lacona railroad station ________ ~ __________________ ~__ 822;2 
Section 35, creek bed at county line _________________ 806A3 
Section 35, railroad at countyline, ____________ ~ __ . ., __ 854.48 
(Tp. 74 N., R~XXV W~) 
Section 16, railroad bridge over South river ________ ~~ 914.15 
Section 16, river bed.beneath railroadbridge ___ ' _____ 896.15 
K Section 19, railroad at .county line ____ .;~"'" ____________ 937.15 
Section 19, river bed at county line _.--__ ____________ 921.65 
Section 21, railroad at road crossi~g on north section 
line ___ . ____________ ., __________ . ____________ .~ _______ 1,051;15 
New Virginia, old railroad station. ________ ~ __________ 1,088.15 
New Virginia, ,new railroad station ______ -7-- ________ 1,041.15 
Section 33, railroad a.t county line ___________________ 958.15 
LEVELS OF POINTS OUTSIDE OF THE COUNTY CONSULTED IN DRAWING THE 
RIVER SECTIONS; 
Riv~r bed near the mouth of North river, beneath 
~he C., B. '& Q, railroad bridge __ ., _______________ .752.24: 
Bed of Whitebreast creek,:beneath C., B & Q. rail-
road bridge, about three miles west of Knoxville 723.7 
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Bed of White breast creek, beneath C., B. & Q. ra.il-
road bridge, a mile soutli of Warren county line, 
FEET. 
on the Indianola branch. _______ ._~ ________________ 809.1 
Bed of Whitebreast creek, beneath C., B. & Q. rail-
road bridge, a mile east of Cleveland, Lucas county 851.1 
Low water mark, Raccoon river (datum level for the 
D. M. & K. C. railroad, survey reckoned from 
Indianola by means of levels on C., R. 1. & P. rail-
road, Winterset branch,and the junction with the 
D. M. & K. C. railroad}_______________ ____________ 797.15 
SLOPE OF RIVER BEDS. 
NORTH RIVER. 
Total fall of the river, from the D. M. & K. C. railroad 
bridge, in the western part of Greenfield township, 
to the C.,R. 1. & P. railroad near Carlisle________ 45.7 
Fall per mile in a straight-line (eleven and one·fourth . 
miles) _________________ ~ _____ ~ _______ .. __ ____ __ _ _ __ 4.06 
MIDDLE RIVER. 
Total fall from Bevington to SummerseL___________ 77 . 
. Fallper mile, in a straight line (fourteen miles)_ ____ 5.5 
SOUTH RIVER. 
Total fall in South river, fr()m county line, Virginia 
township, to the C., B. & Q. railroad bridge, sec. 
12, Richland township _________ ,__ ____________ ____ 185.95 
Average fall per mile, ina straight' line diagonally 
across the county (thirty-one and one-third miles)' 5.93 
WHITEBREAST CREEK. 
Total fall within the county ____ ~ ___ ~________________ 18.69 
Average fall per mile in a straigh~line (three and 
one-half miles long)____________________ __________ 5.34 
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The surface deposits ot the county belong to two epochs. 
The alluvium represents the recent epoch, and the glacial 
deposit, consisting of loess and drift, the glacial epoch. 
ALLUVIUM. 
Upon the low ground along' the streams a considerable 
amount of silt hasb~en deposited. Over the higher portions 
of the low ground this d~posit is very thin, scarcely more 
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than enough to mix with the loess and obscure the character 
of the latter. In the lower parts of the river valleys t,here 
are numerous swampy places1 the partially filled lagoons left 
after the rivers have formed new trenches in the vicinity. 
These low grounds have received sediment washed from the 
adjoinin~ higher ground or brought in by occasional overflow 
of the river. The material is frequently rendered black by 
abundance of vegetable material. All of these deposits may 
be classed as alluvium. 
LOESS. 
On the hilltops and in the valleys, even to the very banks 
of the river trenches, there is a fine, light, yellowish-brown 
deposit, largely made up of clay and fine sub-angular quartz. +, 
The upper portions are black because of vegetable mould, the 
carbonaceous remains from decay of various plants. The 
fine material of the loess seems to have been washed from 
material brought by neighboring ice masses. 
The exposure of loess at the Indianola Brick & Tile Co. 
plant, just northeast of Indianola may be taken as a typical 
exposure. At the surface two and a half feet are rendered 
black by vegetable mould. Beneath this mould there are two 
distinct deposits, the upper one, five feet thick, containing 
fossils characteristic of the loess (Succinia obliqua and Xeso-
don multilineata as identified . by Professor B. Shimek). 
Beneath this loess, at a distance of about seven feet from the 
surface, is another clay deposit that for the present is here 
caned the lower loess deposit. This lower deposit appears 
darker than the upper loess as seen in place. It does not 
contain fossils. The line of separatio"n between these two 
deposits has a peculiar wavy appearance, suggesting a possi-
ble doWnward limit to present 'Oxidation, or a disturbed 
surface on which the upper loess has been deposited. There 
is no dark line between the two to indicate a previous land 
surface, such as is sometimes found in deposits of loess. 
*For analyses consult the tables given under clay deposits, in the latter part of this 
report. 
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The- two deposits differ in composition in one important 
particular--the silica of the upper deposit is nearly all free, 
while that of the lower deposit is combined. This contrast 
is very marked when the two deposits are examined under a 
microscope. Samples collected from different levels above 
the line of separation between the two deposits present a 
uniform appearance, each sample containing an abundance of 
fine sub-angular quartz fragments. Below the line separating 
.' the two deposits the quartz fragments are far less numerous, 
the field of the microscope being largely occupied by dull, 
clayey material. 
The differences in the composition of the two deposits 
suggest a possible difference in the sources of the material. 
The upper material may have been derived from a more loose 
sandy deposit, while the lower may have been derived from 
the' disintegration of granite. Such a difference suggests 
further that the lower deposit may have been derived ~rom 
the Kansan drift formation, which underlies the loess 
throughout the comity. If it be true that the lower deposit 
is derjved from the Kansan drift, the disturbed line between 
the two deposits represents an unconformity from which all 
evidence of vegetation, if such evidence exist,ed, has been 
removed under the conditions which immediately preceded the 
deposition of the upper loess. 
DRIFT. , 
In the eastern part of Greenfield township a sandy deposit 
extends southward to the divide between North and Middle 
rivers southeast of Spring Hill and a little to the nOl~th and 
west of Indianola. In Richland township the central sections 
are capped by a sandy material as if the deposit were a contin-
uation to the south of a drift ridge east of Des lIIoines consid-
ered to be an esker. Between the two localities mentioned 
lie the gravel beds at Avon just north of the Warren county 
line. How much the early character of these deposits may 
be due to the soft sandstone and sandy shale just beneath the 
glacial deposits it is not possible to state. 
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The drift under the loess consists of a boulder clay or till 
containing pebbles of various sizes and shapes. These peb-
bles are of various kinds, granites, porphyry, quartz,agate, 
red quartzite and sandstone. The smoothed surfaces of some 
of these boulder~ are marked by peculiar scratches and gouges. 
A typical boulder may now be seen just northwest of Mrs: Wat-
son's residence in the northwestern part of Indianola (Sec. 
24, Sw. qr., Nw. i). This rock is a dense red quartzite with 
arounded somewhat rectangular shape. It contains numer·-
ous pebbles revealing distinct planes of stratification dipping 
at present southwest, while on the eastern face the hard stone 
is scratched. and gouged along lines at present almost perpen-
dicular. The whole .surface, scratches and all, is polished 
thoroughly. It is notable that this rock does not resemble 
the native Carboniferous sandstones; its planes of st~'ati­
fication do not correspond to the planes of stratification of 
the neighboring strata, and the glacial scratches are at right 
angles to the slope of the nearest ravine. 
While this boulder, selected as a type, resembles "Sioux 
quartzite, most of the boulders appear to be of granite. They 
are not very numerous on the surface of the ground, but, 
where the loess deposit is cut through, the boulders from the 
drift accumulate in the ravines .. 
The boulders mentioned are characteristic of the Kansan 
glacial formation that extends over the southern and western. 
part o-f Iowa. 
, CARBONIFEROUS. 
GENERAL DESDRIPTION. 
" In the preceding description of the physiography of the county 
the strata were referred to as an old shore deposit. The strata 
are in general clayey, or sandy shalB, with here an arenaceous 
limestone and there a sandstone. The sandstones are generally 
ferruginous; sometimes dense and concretionary, sometimes 
soft, sometimes cross-bedded. The whole formation belongs to 
the great system of coal-bearing strata which extends from 
Iowa s,outhwestward into Indian territory and Texas. 
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Relation of Strata to the FOnn(btion Below.-Immediately 
beneath the Carboniferous shales exposed in this county, lies 
the Saint Louis limestone. The borings put down at several 
points indicate that the surface of this Saint Louis formation 
on which the" coal measures were deposited is uneven, like an 
old landscape with hills and valleys. 
Oonditions of IJeposition.-During the deposition of the coal 
measures the conditions were at times favorable to the forma-
"tion of swamps, and the vegetable material ac'Cuinulated from 
the lepidodendrons, sigillarids and ferns that crowded the low 
swampy places. At times the region received fine c]ay sedi-
ments brought down by streams. At times conditions favor-
able to limestone formations spread a calcareous deposit over 
all. Again, the deposits, raised till exposed to erosive action 
were worn away" here and there, only to again receive a 
deposit laid unconformably on the surface. * 
Relation of Strata to the Fonnation AbmJe.-As the seas 
advanced the heavy limestones of Madison and other coun-
ties west were laid down marking a condition of deep water 
"more constant than had existed during the deposit of the 
shales. These limestones are, however, classified with the 
coal measures; for, whil~ these were forming, Pennsylvania 
was receiving her stores of future wealth in the vegetable 
depositt which later became coal. The difference between 
the conditions in which clays and sandy shales were deposited 
and .those in which the heavy limestones were formed is so 
marked that it has been deemed advisable to classify these 
formations as separate subdivisions of the coal measures. 
Classification of Strata. 
GROUP. I SYSTEM. SERIES. STAGE. 
Pennsylvanian. Missouri. Des Moines. 
Paleozoic. Carboniferous. Saint Louis 
M ississi ppian. Augusta. 
Kinderhook. 
*For a record of these oscillations, see Iowa GeologIcal Survey, Vol. 1, p. 119. 
tDana's Manual, 4th ed., pp. 648 and 655. 
" ~9G Rep " 
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The strata exposed in Warren county belong to the Des 
Moines stage of the Pennsylvanian series of coal measures. 
While the limestone·of the Missouri stage, seen in Madison 
county almost touch the western border of Jackson township, 
they nowhere extend eastward across the county line. * Con-
sequently all our strata belong to the same subdivision. 
In the cross-sections along Middle and South rivers it will 
be seen that the limestone of the Missouri stage does not grad-
ually change into shale as would be true if the present" lower 
coal measures" (Des Moines stage) were the shore equivalents 
of the present exposures of the Missouri limestone. While it 
is undoubtedly true the present exposures of the Missouri 
limestone did have a shore equivalent of shale when the lime-
stone was deposited, that old shore equiva~~nt has been 
eroded. The shales of the present Des Moinesformatiop. are 
:Q.ow continued underneath the limestone of the Missouri 
stage. The sections outcropping along South and :Middle 
riverst are of special importance in their bearing because 
they are in a direction at right angles to the old shore ·line. 
The variety of fossils that occur abundantly in the county 
is not very great. PJ'ocl1wt1.l8 1TI/UJ'1.:ccitus is by far the most com-
mon, the small shells, half an inch long, forming the entire 
mass of the rocks in some places. In the heavier sandstones 
Spil'ijer canwratu.,/3, and PmcZuctu8 costatu8, two' of the larger 
shells about two inches long, frequently occur. In the thin 
layers of limestone to be found especially in the western half 
of the county occur crinoid stems, together with Ohonetes. 
me8oloba, Athyris 8'ltbtilitct and· sometimes Lophophyllu.,JJ~ pJ'o-
l~fel'um. t " 
* r n the older geological reports of the state the thick bed of clay and sandy shale beneath 
the limestone was included with the limestone in the "Upper Coal Measures," and as thus 
defined; the Upper Coal Measures extend into Warren county; but the conditions. under 
which this bed ot clay and sandy shale was laid down were similar to those under which the 
strata beneath were deposited. The base of the beavy limestone marks the beginning of a 
deeper water formation in contrast with the shallow water deposits of tlJe shales beneath. 
Hence it, has been thought that the line of separation between the Des Moines and Missouri 
stages should be drawn at the base of the heavy limestone. 
tFor a continuation of the Middle river cross-se<;:tion (Plate viii) to the Missouri stage 
limestone of Madison county, see "Geological section along Middle river in central Iowa," 
J. L. TUton, Iowa Geol. Sun., Vol. III, p 137, . 
;r.r1n the coal measure fauna the following referenc"s are convenient:· 
U. S. Geological surveys west of the 100 meridian. VoL IV, Paleontogy. 
Mbsouri Geological Survey, Vols. IV and V. IHJi. 
Geol of Illinois. Vol. V. 
Hayden's Final Report on the Geo1. Surv. or Nebraska. Washington, 1872. 
I 
I 
OROSS-SECTIONS. S23 
DETAILED SECTIONS ACROSS THE COUNTY. 
The sections here given were obtained along the different 
ravines, carefully measured by a barometer or tape line and, 
referred to the river beds as base lines. The slope of the 
river bed was in each case determined from railroad surveys. 
It is to be regretted that there are not more records of 
borings accessible. There have been but four drill holes 
made, the records of which are now obtainable and of value 
in a study of our strata. The first was put down by the town 
of Milo (Tp. 75 N.,R. XXII W., Sec. 19, Sw. qr.,.Nw. i). The 
record <;>f the boring was published in the mine inspector's 
report, 1882-83;' p.67. The second boring is in Tp. 76 N., R. 
XXIVW." Sec. 9, Nw. qr.--,Se. i"southeast of Spring Hill. It 
was made by Earle 'Brothers who kindlyfuruishedthe figures 
and description. from their records. ' The third' is ,in Union 
township, Tp.76N., R. xxtIW.;S:ec~·~;Sw.qr.;Sw~ i. The 
fourth boringisinTp. 76 N~,R. XXII W ... ,See.~5, Sw.qr . .sw t. 
The la tterweremadebyMr; A. G. W~st, who'fu;nisheatlie record 
at the request of Mr. W.N.~BarthoIQmew,foliWhQm the work, 
was done. In the absence of moreborip.gsthe different out-
crops must be connected; and the results considered as repre-
senting tIie gen~ral relation of ,strata in the 'neighborhood. 
In each plate of sections along" theravines,the location of 
outcrops is marked. 
SOUTH RIVER CROSS·SECTION. 
-- .. :.--. , .. -.. -.-..... ---.-.. -- -- .. ~ .. -.- .... ~- ......... --.,:. .•... :., ....... __ ..... , .. - ;.-........ ' ......... -.... , ,- . 
The best series of outcrops is that along South river. The 
slope of the river was determined as follows. 
The records of the Chicago, Burlington & Quincy railroad 
survey show the altitude of the river bed beneath the railroad 
, bridge at the mouth of the river and south of Ackworth; also 
the altitude of Indianola and Osceola. By means of a baro-
meter the difference in level between the Indianola station 
and the ped of the river directly south was measured. From 
the survey of the Des Moines & Kansas City railroad the 
difference in level between the station at Osceola and the 
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point where the railroad crosses the west countyline close to 
So:uth river was ascertained, as well as the difference in level 
between the latter place and the bridge across South river,' 
in section 16 of Virginia township. Since a river cuts 
through hard strata and fills with sediments the stretches 
from one hard stratum to the next till the entire slope of the 
river bed presents a slightly concave line, a knowledge of the 
altitude of the five points mentioned is sufficient to determine 
the slope of the entire river bed across the county. 
FIG. 48. The Ford sandstone as seen in the north centl'al part of section 24 near exposure 1. 
Here the dip is visible on the southwestern side of the low anticline found in the north-
eastern part of the county. 
.. 
Among the outcrops that occur there are thirteen of 
especial value, because of tbeir size; their freedom from set-
tling, and their positi~n along the line. These outcrops and 
their locations are as follows. 
SECTION I. 
Exposure near the mouth of South river in Richland town-
ship (Tp. 77 N., R. XXIIW., Sec. 24, Sw. qr., Ne. t). This 
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section is just northeast of the crest of a, gentle anticline. 
The dip is here 100 to 15° to the northeast. 
FEET. INCHES. 
4. Drift _ __ ____ ___ _ _ _____ ______ ______ ______ __ _ _ 12 
3. Shale, clay and sand, thinner banded above, 
heavier belo~_____________________________ 32 
2. Sandstone, red, heavy,· cross-bedded, with 
much globular iron pyrite_________________ 14 2 
1. Itiver ______________________________________ _ 
SECTION II. 
Richland township near the mouth of Coal creek (Tp. 77 
N.,· R. XXII W., Sec. 25., Sw. qr., Se. t), offers the following 
exposures. 
FEET. 
4. Drift ________________ : ______________________________ _ 
3. Shale, bluish gray, finely laminated with sandstone 
in thin layers to bed of Coal creek ____ __ _ ___ ____ 40 
2. Not exposed_ ____ ___ _ ______________ ________ _ _ __ ______ 9 
1. Itiver ______________________________________________ _ 
SECTION III. 
The following outcrop is s~en in Richland township (Tp. 77 
N., R. XXII W., Sec. 35, Nw. qr., Se. ;1). 
FEET. 
5, Not exposed _____________________________________ ~___ 93 
4. Shale, black, exposed _______________ c ____________ '___ 2 
3. CoaL __________________________ ---- ____ _ _ ________ ____ 2 
2. Shale, gray, sandy _____________ ____________________ 32 
1. Itiver ________________ ~-----------------~------------
SECTION IV. 
Union township (Tp.76 N., R. XXII W., Sec. 3, Se. qr., 
Nw. t). 
FEET. INCHES. 
12. Drift _ ~ _ __ __ _ ___ ___ _ __ _ _ _ _ __ __ _ _ _ _ _ _ ___ _ __ _ _ 15 
11. Shale, clay, black __________________________ 2 
10. Coal________________________________________ 1 
9. Shale, clay, gray _ __ _____ ___ ________________ 4 
8. Limestone, gray, arenaceous, fossiliferous__ 2 
7. Shale, clay, gray _ _______ ___ ________________ 8 
6. Coal__ ___ ________________________________ 3 7 
5. -Shale, bluish gray _ _ ____ __________ ______ ____ 10 
4. Shale, gray, sandy _________________________ 24 
3. Coal _______________________ .________________ 1 1 
2. Shale, clay_______ __________________________ 2 6 
1. ~iver ____ ~~------ _________________________ _ 
326· GEOLOGY. OF WARREN COUNTY. 
SECTION V. 
The following section shows beds which also a~pear. in 
Union township (Tp.76 N., R. XXII W., Sec. ·9, Ne; qr., 
Nw. !-). 
FEET. INCHES. 
8. Drift _______________________________________ 2 
7. Limestone, blue, dense ______ -;-__ ______ ______ 2 
6. Shale, gray below and above, black through 
the center _______________________________ ~ 19 
5. Coal _____________________________ ~__________ 6 
4. Shale, gray, fossiliferous below _____________ 11 
~. Limestone, gray arenaceous shaly above; 
fossiliferous _____ .. _______ ._ ____ ______ _ ____ _ 2 6 
2. Shale, gray above, black below__________ __ 14 
1. River __________________________________ . ___ _ 
SECTION VI. 
In PalmyratowDship (Tp~ 76N., R. XXIIW., Seb.5, Sw. qr.) 
is a boring to the depth of three hundred and siXty~sevenfeet 
and six inches, the top of which is one hundred arid twenty 
feet above the bed of South l'iver. The record of this boring 
as kept by Mr. A. G. West for Mr. W. N. Bartholomew is as 
follows. 
FEET. INCHES. 
35. Soil ________________ ..; _____________ .__________ 4' 
34. Clay, yellow with gravel below __ ~ __________ ~ 20 
33. Sandstone, yellowish _______________________ 11 
32. Shale, blue ______ . ____ ,.. ____ '- ________ .. ~- .. ----~ 3 
31. Limestone, fossiliferoul:\ ________ ~~__________ 4 
30. Shale, black ____ -------- _____ ,- __ " ____ " ______ . 4 
29. CoaL _______ ~ _______ . __________________ ._ ____ 1 8 
28. Fire clay___________________________________ 8 
27. Sandstone ___ . ________________ ., ______________ 4 
26. Shale, gray _________________________________ ]2 
.. 25. Shale clay, black __ ~________________________ 2 
24. Coal________________________________________ 1 4 
23. Fire clay _______________________ ~----------- 3 
22. Shale. clayey __________ .,.____________________ 16 
21. Shale, clayey, red running to brown, bed of 
South river _____________________________ 26 
20. Shale, brown, saJ;ldy below __________________ 19 
19. Slate, bituminous___________________________ 2 
18. Shale, clayey ___________ • ___ ~ _______________ 14 
17. Shale, clayey, black _____________________ .:__ -6 
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FEET. INCHES. 
16. Coal __________ ·______________________________ 3 8 
15. Fire clay___________________________________ 4 
14. Shale, gray with hard bands________________ 10 
13. Shale, soft-blue, with bands of graveL______ 27 
12 Shale, sandy _______________________________ 11 
11. Sandstone, compact_________________________ 6 
10. Shale, light, with ironstonebands. _________ 17 
9. Shale, clayey, red, blue and brown __________ 26 
8. Sandstone, fine-grained_ ________________ ____ 4 
7. Shale, clayey, light above, dark below, very 
hard bituminous._______________________ 23 
6 CoaL ____ ~_~____________ ____________________ 1 10 
5. Fire clay___________________________________ 2 
4. Shale, clayey, black________________________ 16 
3. Shale, light, with hardbands_______________ 7 
2. Shale, gray, very ha~d and sandy _ ._____ ____ 12 
1. Saint Louis limestone _____ ._________________ 38 
Total. ___________________________________ 367 6 
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A second boring was made ~ short distance south, the top 
being is 132 feet below the top of the boring just given. The 
record of the second is as follows. 
FEET. 
23. Black soil, wash and drift__________________________ 37 
22. Sand and graveL___________________________________ 8 
26. Shale, clayey, light _________ .___________ __________ 6 
20. Shale, clayey, red . _______________ . ___________ . __ .___ 15 
19. Shale, clayey, black ._______________________________ 3 
18. Shale with coaL___ ___ ____ ______ ____ ____ ____________ 2' 
17. Shale, clayey, light ___________ ~ ____________________ 4 
16. Shale, clayey, gray ____________ ~ . _________ ._____ ____ 13 
15. Sandstone, light ___ __________________________ _____ 6 
14. Shale, clayey, gray_______ __________________________ 10 
13. Shale, clayey, black, soft ______________ ~___________ 1 
12. Shale,. clayey, white, soft _________ ._________________ 6 
11. Shale, sandy, blue .___ ______________________________ 8 
10. Sandstone, fine, white ______ . ___________________ ~--- 30 
9. Shale, dark, sandy, with hard bands _______ · . _____ 11' 
8. Shale, clay, dark__________________________________ 6 
7_ .Sandstone,fine-grained, with hard bands_ __________ 6 
6. Shale, white .___ ____ ____ ____ ____ ____ ____ ____ ____ __ _ 5 
5_' Shale, sandy, gl'ay, hard __________________________ 15 
4. Sandstone, light-colored____________________________ 4 
3. Shale, sandy, gray ______________ .. __________________ 3 
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FEET. 
2. Shale, sandy, light-colored, with hard bands . _____ . 32 
1. Saint Louis limestone _______________________ .___ ____ 2 
TotaL ________ ... _____ · _______________ . _____ . ___ 233 
SECTION VII. 
The measurements next given are from Union township 
(Tp. 76 N., R. XXII W., Sec. 17,Sw. qr., Nw.1). 
FEET. INCHES. 
13. Drift __________________ ~ _________________ .___ 10 
12. Shale, clayey; gray_. _________________ ._____ 2 
11. Shale, clayey, black ________________ . ___ ~___ 1 2 
10. CoaL ____ .. _______ ~___________________________ 1 
9. Shale, clayey __________ c ________________ .___ 2 
8. Limestone, gray, dense, arenaceous_____ __ __ 1 
7. Shale, cla.yey, gray, nodular________________ 32 2 
6. Limestone, blue, arenaceous fossiliferous___ 1 2 
5. Shale, clayey,gray ____________________ ~____ 7 " 
. 4. Limestone, blue, dense ________ . __________ ~-~ 6 
3. Shale, clayey, blue, finely laminated________ 5 
2- Not exposed _______________________________ ~ 5 
1. River ___ ~ _________________________________ _ 
SECTION VIIT. 
East of Ackworth (Tp.76 N., R. XXII W., Sec. 30). This 
section is made up from exposures on both sides of the hill 
just east of the river. 
FEET. INCHES. 
15. 1.oesB _____________________________________ _ 
14. Shale, gray, olayey, Bandy _____________ ~____ 2 
13. Sandstone__________________________________ 3 
12. Shale, clay~________________________________ 6 
11. Not exposed_. ______________ . _________ ._____ 12 
10. Shale, gray, sandy ____________ · ______________ . 18 
9. Not well exposed, but undoubtedly spale, 
gray, sandy _______ ~ ____ :.:________ ________ 12 
8. Shale, clayey ____ ,,_. __________ ____ ______ ____ 3 
7. Sandstone, gray .. ________________ ~__________ .8 
6. Shale, clay, black__________________________ 1 2 
5. _CoaL- __________ ~ ___________________________ · 1 6 
4. Shale, clay, black, not fully exposed________ 11 
3. Sandstone, gray, dense,-fossiliferous ________ 1 3 
2. Shale, clay, gray to black__________________ 9 
1. Coal. ______________ ~------------:.:-----------
I 
! 
I 
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SECTION IX. 
South of Ackworth (Tp. 76 N., R. XXIII W., Sec. 36, Sw. 
qr., Se. l),· is a series of outcrops that occur along the 
ravine extending from section 36 to section 35. 
FEET. INCHES. 16. Loess . _______________________________ . ____ _ 
15. Limestone, dense, very fossiliferous_ .. _____ 1 
14. Shale, clayey,black_______ _________________ 4 
13. Coal________________________________________ 9 
12. Fire clay above, clay shale below ... ________ 8 6 
11. Sandstone, shaly, irregular _ _ __ __ _ __ _ _ _ _ __ _ _ 1 6 
10. Shale, clayey_~ _____ .. ____________ ... ______ 1 
9. Sandstone, gray, thick·bedded, soft.________ 1 4 
8. Shale, gray, sandy, thin irregular bauds____ 6 .8 
7. Sandstone, reddish .. ______ . _____ .. _________ 8 
6. Shale, clayey, gray above, darkbelow______ 6 8 
5. Coal __________________ . _____________________ · 2t 
4. Fire clay ____________________ ~______________ 6 
3. Shale, dark ________________________ .. _______ 4: 
2. Not exposed._____ ____ ____ __________ _ _______ 2 
1. ~iver _____________________________________ _ 
SECTION X. 
North of Hammondsburg (Tp. 75 N., R. XXIII W., Sec. 2), 
the outcrops from which this section is made are scattered 
for a considerable distance along- a ravine. 
-', 
FI!]ET. INCHES. 
14;· Loess _____ . ________ . __________________ . _ ___ ~ 
13. Upper part sandstone, gray,heavily-bedded, 
graduating below to gray shale, then to 
gray, sandy shale ______________________ .__ 39 
12. Coal _____ "' _________ ~ _____________________ .___ 1 4: 
II. Shale, clayey, grayish _______________ .~--- 13 6 
10. Limestone, very fossiliferous____________ ____ 1 
9. Shale, Clayey , blue above, black below. _. _ _ 5 6 
8. Sandstone, gray, concretionary, somewhat 
calcareous ____ . __ __ __ __ __ _ __ __ _ __ __ __ __ 6 
7. Shale, clay, black_ _________________________ 1 
6. Coal, dipping south. ____ . ___________ .. _____ 7 
5. Shale, clay, gray .... __ .. _____________ ~_____ 5 
4. Sandstone, reddish, soIL _____ .. ____ _ __ _____ i) 
3. Shale, gray, sandy. thin-bedded, exposed_ __ 20 
2. Not exposed ___________________ .-------.. --- 22 
1. River _________ .. ___________________ ._, ____ • 
330 GEOLOGY OF WARREN COUNTY. 
SECTION XI. 
South of Indianola (Tp. 75 N., R. XXIII W., Sees. 1 and 12), 
the exposures here given are found along the si.des of a ravine. 
FEET. INCHES. 
10. Sandstone, gray, thin-bedded above, shale 
gray, sandybelow _______________________ 35 6 
9. CoaL ____________________________ .__ _ ____ __ __ 7 
8. Fire clay___________________________________ 6 
7 . Not exposed _ _ __ __ ___ __ _ _ _ __ _ _ __ __ _ __ _ __ ____ 6 6 
6. Limestone, shaly, arenaceous_ ._____________ 1 6 
5. Shale, sandy, "gray, lower part clay, gray, 
with reddish bands._____________________ 21 
4. Sandstone, gray ______________ __ __ __ __ __ _ ___ 1 6 
3. Shale, sandy, gray__________________________ 7 6 
2. Shale, clayey, dark_________________________ 2 
1. Not exposed_ _ __ __ _ _ _____ _ _ _ __ _ _ ____ __ _ _ _ _ _ _ 8 
SECTION XII. 
The following exposure is near the" Quarries" on Squaw 
creek (Tp. 75 N.,R. XXIV W., Sec. 22) .. A. part may be found 
at the quarry itself, a part up a ravine a little to the north. 
FIG. 49. The sandstone cliff at the old quarries in White Oak township (section 22). 
FEET. INCHES. 
9. Sandstone, very massive, soft, grayish brown 14: 
8. Shale, gray, sandy above, clayey below; 
lower part not well exposed_.:-__________ ~ 11 
7. Limestone, gray, very fossiliferous _ _ _ _ _ _ _ _ _ 1 1 
6. Shale, sandy, gray _______ -_________ ~________ 1 
5. Shale, clay, dark (exposed)_________ ________ 7 
4. Limestone, concretionary __________ ._______ 6 
3. Shale, clayey, black ____________ .__________ 1 2 
2. Coal _______________________________________ 1 
1. Not exposed________________________________ 16 6 
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SECTION XIII. 
This section is obtained from a combination of several 
series of outcrops on Limestone creek. The most important 
one is in section 17 (Tp. 74 N., R. XXV W.). 
FEET. INCHES. 
12. Not exp0sed ________________________________ 54 
11. Limestone, heavy above, shaly below _______ 3 
10. Shale, sandy, gray _ ______ __________________ 30 
9. Limestone ____________________________ . _ _ _ _ 2 
8. Shale, sandy, gray _________________________ 10 
7. Not exposed___ _ ____ ____ ____ ____ _ ___ ____ ____ 15 
6. Limestone, arenaceous _. ___________ ._______ 1 
5. Shale, clayey ______________________________ 1 6 
4. Coal ___ ~_ __ __ ________ ____ _ __ __ _ _ ____ __ __ __ 4 
3. Shale, sandy, gray _ ____ ____ _ _ _ _ _ __ _ _ _ _ _ _ __ 15 
2. Shale, black, carboniferous ___________ ____ 1 
1. River ____________________________________ :.._ 
The outcrops above described, arranged each in its relative 
position, and the lines continued from one to the next, yield 
the general section seen illustrated in plate vii. In this dia-
gram two slight gaps of a few feet occur, but from the field 
evidence the underlying strata at these points may be 
inferred without doubt~ From the outcrops on Squaw creek, 
White Oak township, section 22, to those near Limestone 
creek, in Virginia township, there are no important outcrops, 
but the few that do occur, and the abundance of red sand to 
be found beneath the soil through much of the distance, give 
evidence of sandstone strata continued through most of this 
regIOn. 
WHITEBREAST CREEK CROSS-SECTION. 
The section along Whitebreast creek in this county is quite 
short. One of the central outcrops will serve for the entire 
N. E. 
FIG. 50. Wbitebreast Creek cross-section. 
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section. In fact, it is the only good outcrop to be found, 
though other small ones assist in correlation. 
SECTION 1. 
CompositesectionforTp. 74N., R. XXIIW.', Sec. 26, Sw. qr. 
FEET. 
15. Sandstone, heavy, gray shale above, not 
well exposed below______________________ 62 
14. - Coal ______ • _______________________________ ,__ 1 
L3. Shale, clayey, gray and blue, fire clay 
above ___ -' __________________ ~____ ____ _ _ __ 28 
12. Shale, clayey, black_____________ __________ 4 
11. CoaL _______________ : _____ ':- _______________ . 
10. Clay, carbonaceous _______ . ________________ _ 
9. Clay, fire clay above, gray below __________ _ 9 
8. Sandstone, decomposed, calcareous ________ _ 
7. Shale,sandy andclayey,gray __________ ~--- , 
6. Sandstone,' very fossiliferous, gray ____ ~ ___ _ 
5. Shale, gray; sandy __________________ .------ 5 
4. Shale, clay, black _________________________ _ 1 
3. Coa] , sulphur-bearing _________ ~ _______ ~ ____ 1 
2. Fire clay ___ -' ______ -' ___ ~-~------------------ ,4 
1. Creek _____ ~ _______________________________ _ 
MIDDLE RIVER CROSS::SECTION. 
SECTION I. 
INCHES. 
5 
6 
9 
4 
6 
6 
6 
4 
8 
The first outcrop to be considered is one mile east of Ford 
(Tp. 77 N., R. XXII W., Sec. 10). It is as follows. 
FEET. ' 
9. Driftand loess _________________ c. _______ .:._____ _ _______20 
8. Shale .-----_------~----~----------------------------- 4 7. Sandstone, soft, yellow ________ .:______________________ 35 • 
6. Shale, bituminous _________________ ;.. _____________ ~ ___ " 2 
5. Clay-shale, dark, sandy above ______ , ______ ~__________ 12.. 
4,. Clay; white ____________ ".. ______________ :,.______________ 3 
3. Sandstone, soft, heavily bedded~ ____________ ~------__ 4 
2. Clay, white _________________ -..__ ____ _______ _ ____ ______ 4 
1. Shale, saJJdy and clayey (exposed to water) ___________25 
This section is located at the crest of a low anticline. 'From' 
this place to a 'point a. ,mile west'oI'Ford the strata, can be 
traced' in the ·bluff which forms the south bank of the Des 
:Moines and Middle rivers. Beyond this point the exposures 
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are not so continuous, but the principal seam of coal which 
appears just above the railroad track at the station, comes to 
an end as it reaches the water level of :Middle river, about 
one-fourth of a mile east of the "bridge at Clarkson. At this 
point the upper part of the v~in is well exposed. The over-
lj:ing sandstone is present, but is not so thick as at Ford, and 
the dark shale and soft sandstone crop out in the bluff. Near 
this point another vein begins that may be traced three miles 
up the river, the bituminous shales which overlie it being 
especially noticeable near the bridge on the road to Carlisle. 
SECTION ll. 
Just above the bridge between Carlisle and Palmyra the 
following section appeara (Tp. 77 N., R. XXIII W., Sec. 15, 
See qr., See 1). 
FEET. INCHES. 
12. Shale, clayey _______________ ~--------------- 1 
11. Coal _____________________________ '_______ ___ _ 2 
• 10. Clay _________________ ~---------------------- 5 
9. Sandstone _____________ ~-------------------- 1 8 
8. Shale, clayey ______________ • ___________ ~____ 1 
7. Shale, clayey, black __ ~_____ ______ __________ 2 9 
6. Coal ______ ~ ____________ ~____________________ 9 
5. Fire clay ________ ..: __________ ,________________ 1 
4. Shale, upper part with numerous nodular 
bands and several bands of sandstone____ 13 10 
3. Shale, clayey, dark________________________ 1 4 
2. Shale, clayey,____________________ __________ 1 
1. Riv.er ______________ ' _______________________ _ 
SECTION Ill. 
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SECTION IV. 
At the shafts of the mines referred to the following record 
was obtained. The upper coal corresponds with the coal 
mentioned as outcropping near the river. 
FEEl'. INCHES_ 
19. Drift, yellow sands and variegated clays ___ _ 24 
18. Limestone, blue, fossiliferous _______ .;. _______ _ 1 1 
17. Shale, blue, argillaceous __________________ _ 7 
16. Limestone, foss~liferous _________________ ~ __ _ 4 
15. Shale, black, fissile__ ______________________ 2 
14. Coal _______________________________________ 1 2 
]3. Fire clay _________________ ~_________________ 3 4 
12. Sandstone, with nodules of black lim~rock _ _ 5 
] l. Shale, gray with streaks of red ___________ "_ 7 
10. Sandstone ___________ .______________________ 8 
9. Shale; argillaceous ________________________ _ ]0 
8. Sandstone _______________________________ ~__5 
7. Shale,argillaceons _____________________ ~ _ 10 
6. Limestone ______________ .;-_____ _ _ _ _ __ __ __ _ _ __ 9 
5. Sandstone ____ " _____________________ "_________ 3 
4. Shale; argillaceous ____________ '-_ ______ _ _ __ _ 6 
3_ Shale, black, somewhat fissile_~____________ 2 
2. CoaL _____ ~____________________ ____________ 2 10 
1. Fire clay (exposed) __ .:. _______ ~c------------- 2 
The sandstone 'above the seam of coal isa continuation of 
that which is so prominent in the upper part of -the cliff at 
Ford. It disappears beneath the bed of-the river just west of 
Summerset. The coal seam overlying the sandstone in the" 
bluff at Summerset outcrops repeatedly in the" hillsides for a 
distance of several miles to" the east where it is "drifted." 
It thins out rapidly west of town. 
SECTION V. 
~ 
The Summerset section (Tp. 77 N., R. XXIIIW., Sec. 31, 
N e. qr., is as follows ... 
FEET. INCHES. 
9. Loess _______________________ ~_______________ 13 9 
8. Sandstone, calcareous_______________________ 9 
7. Shale, clayey ____ ---------------------------- 6 8 
6. Coal ____________ .;_~ ____ " _____________________ " 1 2 
5. Fire clay ______________________________ ._____ 4 6 
4. Shale, sandy, gray __________________________ 3 6 
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FEET. INCHES. 
3. Sandstone, gray _ ________ ____________________ 1 6 
2. Shale, gray "__ ______________________________ 1 
1. Sandstone, heavily bedded ._ .• -------------- 2 
From Summerset to Spring Hill the outcrops in the 
immediate vicinity of the river are not very numerOU:3. 
FIG.51. Exposure at Summorset (Section 31, Ke, qr .. Ne. )4)-
Several thin veins of coal are found, the best .natural expos-
ure occurring about half way between the towns mentioned. 
A little to the sOlIth of the river the seams supply coal for 
local consumption. 
SECTION VI. 
Southeast of Spring Hill (Tp. 76 N.,R. XXIV W., Sec. 2, 
Sw. qr., Ne. i). 
FEET. INCHES. 
15. Not exposed __ . ________________ -- ______ -- __ 
14. Shale, clayey, black . ____________ ~---- ______ 2 
13. Sandstone, concretionary ____________ ._____ G 
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FEET. INCHES. 
]2. Shale, clayey, black________________________ 1 6 
II. Coal' ________ ~ __ _ __ __ _ __ __ __ ___ _ ____ __ _ _ _ _ __ 1 6 
]0. Not exposed _____ ____ __ __ ____ _____ ___ ______ 47 
9. Shale, clayey, dark, exposed _______________ 1 
8. Coal________________________________________ 2 
7. Fire clay_________ _________________________1 
6. Shale, clayey, brown_ __ __ _________ ____ ____ 17 
5. Shale, clayey, red ____________________ ~_ ____ 15 
4. Shale, clayey, black________________________ 3 
3. Coal ________________________ ~~______________3 
2. Clay, black_________________________________ 1 4 
1. Clay, white ____ ____________________________2 8 
Two miles farther west, in section 9, N w. qr., Se. t of Tp. 
'76 N.,R. ·XXIVW., the Earle Brothers have a coal lease. 
They. have kindly furnished the following, drill record. The 
top of this boring is 28 feet above the river bed;' so that the 
first seam mentioned in this record is that which is found to 
pass beneath the river bed close by .. 
SECTION VII-
Earle Brothers' Boring. 
FEET_ 
18. Soil _______________________ ' ____________________ '- __ , 3 
17. Clay ,yellow __________ ,- __ ________ . ___________ ~_ ____ 5 
16. Shale, clayey, blue ________________________________ ' 6 
15. Sandstone ________________________ ----------------- 1 
14. Shale, clayey, dark ________ ._~-------------:..---~---- 1 
13. Coal ____ ., _____________________ .~ _ _:-.-- _-. ________ ~_ 1 
12. Fireclay ______ .___________________________________ 2 
~ H. Shale, sandy, hard _______________________________ 13 
10_ Shale, clayey _________________________________ .____ 4 
9. Sandstone. ________________ ._______________________ Ii 
8. Shale, clayey _______________ ~ __ ______ _ _ __ ____ ______ 12' 
7. Shale, clayey, black ________________ "_____________ 5 
6. Coal -- ____________________ ~ _________________ ._____ 2i 
5. Shale, sandy, hard _______________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 21 
4. Shale, clayey, red and blue ____ ~~ __________________ 34 
3. Sandstone, dense ------- ___ ~ ________________ ~_____ H-
2. Shale, clayey, black. __ . _______ :___________________ 5 
1. Coal ________________________________ ._____ ________ 4 
Immediately west of Spring Hill an excellent section has 
been disclosed in opening a seam of coal. Northward in the 
/ Lothrop
 

TYPICAL SECTIONS. 337 
ravines sloping into North River valley, and ina bluff by the 
s.tream itself, are exposures revealing shale and sandstone 
both above and below a narrow pocket of coal, the main axis 
of which is directed north and south, the stratum thinning 
out very rapidly east and west. 
SECTION VllL 
A mile and a quarter west of the town (Tp. 76 N., R. XXV 
W., Sec. 12, Ne. qr.,Sw. ±) is the following section. 
FEET. INCHES. 
10. Loess _____________________________________ _ 2 
9. Coal, badly weathered ____________________ _ 6 
8. Shale, gray, with thin seams of sandstonec _ 9 7 
7 .. Shale, blue above, black below ____________ _ 4: 4: 
6. S"andstone, nodular, ca!careous ____________ _ 6 
5. Shale, gray, black ________________________ _ 2 
4. Coal ___________________ . __________________ _ 1 1 
3. Fire clay ______________ ; _ ~ _________________ _ 4: 4: 
2. Sandstone, heavily beaaed, gray __________ _ 1 4: 
1. Shale, irregular (exposed) _________________ _ 
" 6 ... 
Between Lothrop and Bevington, an interval of three miles, 
few outcrops occur. The scarcity of exposures and the gen-
eral relations of the str,ata indicate the absence of any layer 
that by resisting weathering would protrude through the 
overlaying loess or become exposed in the ravines. This, 
together with thB fact that the lowermost stratum found 
above is argillaceous shale and the uppermost found below 
is a sandstone passing in places into a sandy shale, implies 
that the strata thus concealed are largely shales. 
Two miles west of Greenbush is a section in a ravine where 
coal is at present obtained by "stripping." (Tp. 76 N., R. 
XXV W., Sec. 1., Nw. qr., Nw. t.) The upper half of the 
section is obtained about fifty yards west of the point at 
which the lower half is found. 
SECTION IX. 
FEET. INCHES. 
12. _ Sandstone, shaly -_ -- -- -- -- -- ---- -- - - - ----- 2 2 
11. Shale, clayey, gray ______________________ c __ 1 3 
. 10, .Shale, clayey, reddish _ ---- -------- ---- ---- 2 3 
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9. Sandstone, gray, shaly_____________________ 5 
8. Shale, clayey, blue_ ._______ ____________ ___ 9 
7. Sandstone, fossiliferous ____________________ 1 3 
6. Shale, clayey,blue.________________________ 7 
5. Shale, clayey ___ ~._________________________ 4 
4. Limestone, arenaceous, fossiliferous ______ _ 
3. Shale, clayey, black ___________ . -----c-~----
2. Coal ___________________ . _____ • ____________ _ 
J. Fire clay (exposed) ________ . _______________ _ 
6 
7 
6 
4 
A short· distance southwest of Bevington,* in the ravines 
and in the bluff near the river (Tp. 76 N., R. XXVI W., Sec. 
36, Sw. gr., Nw. 1-), one of the best exposures is found. 
SECTION X. 
FEET. INCHES. 
8. Drift __ ~ ____ _ 
7. Sandstone ___________________________ • ____ •• 1 3 
6. Sandstone, massive ________________ .________ 1 2 
5. Unexposed ______ . ___ . ________ ~_____ __________ 3 8 
4. Shale, black below __________________________ 2 6 
3. CoaL ___________________________ .------- ____ 3 
2. Fire clay and light-colored shale~___________ 7 
1. Shale (exposed)" ____________________ " ______ 40 
These sections with others referred to the bed of :Middle 
river as a base line give plate viii, a diagram of the Middle 
river cross-section. 
NORTH RIVER CROSS-SECTION. 
The outcrops along North river are neither very high nor 
continuous. For the most part the hills along the south bank. 
against which the river flows are not cut by ravines that 
offer good exposures for measurip.g. The best exposure to 
be obtained is in section 15 of Green:fi~ld township, where 
a ravine cutting through the southwest quarter of the section 
offers the following exposures. 
SECTION I. 
FEET. INCHES. 
17. Concealed__ _ _ _ _ __ _ _ ____ __ _ _ _ ___ ____ _ __ _ _ _ _ _ 49 
]6. Sandstone, gray ______ _____________________ 6 
15. Shale, clayey, blue above, black below _____ 5 
*For a continuation of this description of strata toward Winterset, see Geological Section 
along .Middle river, J. L. Tilton, Iowa Geological Survey, Vol. Ill, pp.144-145. 
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FEET. INCHES. 
14. Sandstone, gray, fossiliferous _____________ _ 6 
13. Shale, clayey; black . _______________ ~ ______ _ 1 3 
12. Coal, sulphur-bearing _____________________ _ 1 
II. Fireclay __________________________________ _ 1 
10. Sandstone, gray, concretionary ___ . _______ _ 1 
9; Shale, clayey, reddish and blue __________ _ 36 
8. Sandstone, reddish-brown. ________________ _ 7 
7. Shale, clayey, upper part blue, lower part 
gray to black with indications of coaL ___ _ 9 2 
6. Hematite ___ ~ ___ . __________________________ _ 1 
5. Shale, clayey, sandy, gray _________________ _ 23 
4. Sandstone, gray _________ ~ _________________ _ 1 3 
3. .Shale, clayey ______________________________ _ 1 
2. Concealed ________ . ________ . _______________ _ 5 
1. River ____ . ___________________________ . __ • __ 
Where the riyer washes~into a. bluff north of Greenbush 
(Section 30, Sw. qr., N e. i of Greenfield township), an 
exposure appears' that is continued up to the divide toward 
Spring Hill by several outcrops along a raVIne. . The 
exposure on North river is as follows. 
SECTION II. 
FEET. INCHES. 7. ~oess _____________________________________ _ 
6. Sbale, clayey, white____ ____________________ 6 
5. Coal, impure and decomposed ______________ 1 
4. Shale, bard above, soft below ______________ 30 
3. Sandstone, gray____________________________ 6 
2. Sbale, clayey, blue, exposed________________ 2 
1. River with cnal just below the r:iver bed __ ~_ 
Beyond the last described section the outcrops are few, the 
best one occurring In section 32, Sw. qr., Se. 1, Linn 
township. 
SECTION III. 
FEET. 
8. Sandstone, gray, easily decomposed ________ 1· 
7. Shale, clayey, blue, jointed_________________ 5 
INCHES. 
6 
6. Sandstone, very fossiliferous________________ 7 
5. Shale, clayey, blue, jointed, sandy above ___ 6 
4. Shale, clayey, black________________________ 4 
3.· Sandstone, nodular, reddish ________________ 3 
2. Coal, very good ________________________ .____ 3 6 
1. Fire clay, exposed__________________________ 4 
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Combining these and othe~ smaller sections by their rela-
tion to the bed of North river, a section as shown in plate 
ix is found to exist along the north side of the divide 
between North and Middle rivers. 
GEFERAL CROSS-SECTION FROM SOUTHEAST TO NORTHWEST. 
The cross-section illustrated in plate x was obtained by 
combining the following records already described: (1) The 
outcrop southeast of Lacona, Whitebreast creek section; (2) 
the Milo well record given below; (3) the outcrop south of 
Indianola, section XI, South river cross-section; (4) the out-
crops southeast of Spring Hill, and Earle Brothers' drill 
record, sections VI and VII; Middle river cross-section; (5) the 
outcrops west and northwest of Spring Hill, section II, North 
river cross-section. 
The Milo well record is as follows. 
STRATA PASSED TEROUGH AT MILO, WARREN COUNTY, FOR THE MILO COAL 
AND MINING' COMPANY. 
FEET. INCHES 
54. Drift deposit _______________________________ 8 
53. Gray shale _________________________________ 7 
52. Blue clay shales________________________ ____ 5 
51. Brown sandstone___________________ ________ 2 9 
50. Gray shales __________________ ______________ 4 6 
49. Dark sandstone with shaly partings ________ 21 3 
48. Shale, light blue with bituminous shale at 
base ____________________________ .________ 8 6 
47. CoaL ______________ ._ __ _ _____ _ _ __ __ _ _ __ ____ __ 1 
46. Light gray shales __________________________ 7 
45. Thin-bedded fossiliferous impure limestone. 1 
44. Gray indurated shales______________________ 5 8 
43. Black fissile carbonaceous share ____________ 1 
42. Gray and blue clay shales ______________ ,,____ 12 8 
41. Blue limestone_ __________ __________________ 1 3 
40. Light blue marlite _______ __ ________ ____ ____ 1 
39. Bluish clay shale ________________ :__________ 3 6 
38. Brown and red <51ay shale__________________ 3 3 
37. Shales variegated with thin beds of lime-
stone ______________________ "' _____ ~------ 8 
36. Dark carbonaceous shales __________________ 2 
35. Bituminous shale___________________________ 2 10 
34. Coal_---_~- _- ___ -------,.~,.--~_~ __ ------_-__ a 
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M11.O SECTION. 
FEET. 
33. Blue clay shale ____________________ ~ ________ 10 
32. Gray marL ____ ____________________________ 2 
31. Blue limestone __ . ___ -'-' ____________________ _ 
30. Light blue shales __________________________ 16 
29. Fine-grained micaceous shale______________ 7 
28. Gray clay shale_-' __ ..:_______________________ 16 
27. Bluish shales ______ ______ __________________ 30 
26. Gray clay shales _______ ____________________ 5 
25. Sandstone and shales _______ .,._______________ 7 
24. Blue shales alternating with thin layers of 
limestone ________ " _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ 18 
23. Compact gray limestone _________ • ____ • ____ ~ 2 
22. Bituminous shale ____________________ . ______ _ 
21: Carbonaceous shales ______________________ ._ 2 
20. Light colored, siliceous, shaly marl, with 
black partings and -impure coal and black 
INCHES. 
4 
8 
6 
4 
9 
6 
6 
3 
2 
9 
6 
jack ~ _________ ~ __________ ~______________ 2 6 
19. Limestone with marl partings______________ 1 6 
18. Clay shales_________________________________ 1 6 
17. Black sand shales ____________ __________ ____ 2 
16. Bluish colored clay shales__________________ 6 
15. Bluish impure limestone _______ ~____ ____ __ __ 3 
14. Black clay shale _ ______ ____________________ 1 
13. Dark colored shales with'lime partings_ _ _ _ _ 1 8 
12. Blue sand shales with sulphur bands_______ 6 3 
11. Blue sand shales _______ ____________________ 5 6 
10. Dark sandstone ______ ______________________ 2 6 
9. Black carbonaceous shales__________________ 1 8 
8. Gray clay shales __________ ~________________ 6 
7. Blue clay shales____________________________ 6 4 
6. Light bille sand and clay shales, with thin 
layers of fine-grained micaceous sand-
stone______ ______________________________ 16 
5. Compact gray sandstone, with sulphur part-
ings _ _ __ __ ___ _____ ____ ______ __ __ ____ ___ _ 6 6 
4. Dark, carbonaceous, sandy shale, alternat-
ing with thin layers of sandstone of same 
color, sulphurous __ .'____________________ 7 6 
3. Dark carbonaceous sandy shales ____________ 26 
2. Dark blue·black shales_____________________ 12 6 
1. Limestone, compact, blue and gray with 
sulphur bands . ______________________ ~__ 17 6 
Total _______________________________ 368 6 
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The top of this boring is thirty-four feet below the railroad 
station at Milo. The lowest limestone mentioned belongs 
undoubtedly to the Saint Louis formation underlying the coal 
measures. 
ECONOMIC ·PRODUCTS. 
COAL. 
COAL HORIZONS. 
Coal horizons are quite independent of the general relations 
of the strata because of the peculiar conditions under which 
coal is deposited. A limestone deposit, formed beneath the 
water under conditions constant for a long time will form a 
marked stratum over a large extent of country. A sandy 
shale formed in shallow water may, by slight oscillations of 
the earth's crust or even by the shifting of currents, become 
eroded and later perhaps filled in again. 
Coal has been derived from vegetable matter deposited in 
swampy places. In some portions of the swamp a larger 
amount of vegetable material accumulated than in others. 
Seaward such a swamp would be bounded by the shore deposits; 
landward it would gradually thin out and be replaced by the 
clays alternating with gravels brought down by streams. So 
also laterally the swamp deposit would thin out though COll-
tinued for miles as an impure carbonaceous deposit marking 
a horizo~ somewhere along which conditions were more favor-
able for the deposition and preservation of vegetable mate-
rial. 
In the coal of this county the stumps and trunks of trees 
are not found extending through the coal,but rather an 
accumulation of leaves, twigs and a broken carbonaceous 
mass is seen, with here and there, more usuallyin the shale, 
large branches, all of the usual type of vegetation belonging 
to the coal period. Remains of ferns and lepidodendrons are 
especially abundant. Undoubtedly in the swamps the stumps 
of large lepidodendrons did exist, but the soft character of 
the coal and the position of the stumps below the general 
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bottom of the seams of cQal have caused their presence to 
be overlooked by miners. 
If, after a time, oscillation, which is constantly going on in 
the earth's crust, should gradually raise such a swamp and 
allow it to drain, the vegetable material would gradually 
decay and disappear, except perhaps a thin black deposit of 
carbon mixed with earth which might remain to mark the 
position of the former swamp. If, however, the motion were 
downward, the vegetable material would become covered by a 
fine clay deposit, which, as the whole region elater became 
raised above the water, would protect the underlying coal from 
oxidation. The coal seam may be represented in a general 
manner as a lenticular mass bent downward in the center 
where the old swamp was deeper~(- or along the lines occupied 
by the sluggish streams that flowed through the swamp. 
During the time one swamp was accumulating its vegetable 
deposit, another a few miles away might· exist, connected 
with the first by·a faint carbonaceous streak over less swampy 
la'nd between, or separated by, a stream depositing its varied 
sediment. A condition of subsidence following~ the sea 
would cover the entire region, and, if conditions were favor-
able, limestone with its corals, crinoids and 1:>rachiopods 
would form. Finally, all the different deposits, raised by an 
upward movement of the crust, might again be subjected to 
the foi'ce of erosion, till here and ~here along the various 
streams and ravines' the coal and accompanying beds would 
become exposed. Coal may lie in an even seam with little 
change"in thickness for many square miles; it may occupy a 
narrow winding channel marking the course of an ancient 
stream; it may mark a swamp of small e:1..'tent and thickness; 
it may follow the uneven lines of an old landscape. 
The irregularity of relation of one coal seam to another 
has been purposely emphasized in the above description since 
in this couuty the seams do not all belong to successive stages, 
*Hence the meaning of the dip given in th.e table of mines in the county. The coal dips 
towal'd thicker parts of the seam and rises toward the margin of the seam. 
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each marking the prevalence of conditions favorable to the 
accumulation of vegeta~le remains over the entire county, 
and alternating with conditions unfavorable to such accumu-
lations. The distribution of the seams is such that a descrip-
tion of coal horizons would be a description of the 
position and extent of each particular seam. Through 
the central part of the county, however, the' seams 
have arranged themselves into groups, one at and below a 
level of 725 feet, the other at and above a level of 800 feet, 
while in the ,shales between these two belong the seams 
appearing along the ravines in the eastern part of the 
county. 
It is to be regretted there is no topographical map of the 
. county by means of which each outcrop of the various seams 
can be referred immediately to its proper level. As it is, the 
irregularity of the seams, the uncertainty of exact level a1;ld 
the lack of uniformity in accompanying deposits, frequently 
make it uncertain whether a given outcrop may belong to a 
main .seam or to a smaller one just above or below it .. At 
present the elevation of each must be estimated by reference 
to the table of altitudes and by comparison with records of 
seams so related to river beds that their exact altitudes are 
known. 
Since all the strata dip with quite uniform regularity 
toward the southwest over almost the entire area' of the 
county, a line along the strike, that is northwest-southeast, 
is that along which the strata are level. Consequently a 
comparison :0£ coal indicat.ions afforded by plate x is of 
special value because of the location of" borings along that 
line. 
Goal Seams of the Lowe]· Gl'oup.-In. this line of strike the 
borings at Milo and in Tp. 76 N., R. XXII W., Sec. 5, south-
east of Palmyra are the only ones, having accessible records, 
that have pierced the Saint Louis formation below the coal 
measures. The "Carbonaceous shale" at Milo, at a depth of 
. about 328 feet from the surface or 609 feet above sea level, 
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marks the lowest horiZon at which there is now any evidence 
of coal inthe county. It might be regarded as the lowest 
possible horizon, were it not that the floor on which the coal 
measures rest is so irregular as to make possible the exist-
ence of other coal beds in deeper valleys cut in the old Saint 
Louis surface. On the other hand the boring at Milo may 
itself be at a point where the upper surface of the Saint Louis 
is lowerthanit is on the average and hence may give a coal 
horizon that is one of the lowest possible .. Southeast of Pal-
myra, Tp. 76 N., R. XXII W.,Sec. 5, the Saint Louis is 329 
feet below the uplands or 546 feet above sea level. Records 
near Lucas to the south prove that in this direction the Saint 
Louis rises in places much nearer the surface. 
The strata are nearly horizontal, the dip rarely reaching 
as much as two degrees southwest,but because of this slight 
dip to the south west and the slope of the surface to the 
northeast, the several strata gradually approach the surface 
toward the northeast,· and recede ·farther and farther from 
. the surface toward the southwest. Southeast and northwest 
the old Saint Louis surface lies as nearly horizontal as any 
surface carved into ridges and valleys by erosion may be 
expected to lie. 
About sixty-eight feet above this lowest horizon, 531 feet 
above sea level, are unsatisfactory indications of a second 
horizon; while a marked third horizop.lies 712 feet above sea 
level, 01'225 feet below the upland surface at MIlo. This 
latter horizon is the upper one in the two groups found at and 
below the altitude o"f 725 feet above se~ level, and marks the 
upper part of the group of strata in which coal has been found 
of greatest thickness,near Des Moines on the north and 
Lucas on the south. At this same level lies the lowest c.oal 
penetrated by Earle Brothers, in section 9, southeast of 
Spring Hill. At this same level also lies Caldwell & Cassidy's 
mine, in section 31, just west of Summerset; and in section 28, 
east of Summerset, Jones & Benham have mines where there 
is a local thickening of the coal, if not an independent basin. 
31G Rep 
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To ~ continuation of this same horizon belongs the seam of 
coal in the bluff at Ford. r.phis particular horizon, then, is 
marked by evidences of coal so widespread and of such thick· 
ness (two and a half to three feet) that the horizon may be 
considered as one especiaU y rich in coal. 
Oo(tlSe(6TJ~8 of the Upper G1·0'I~.-All seams, evidences of 
which have been found above the horizon last 9.escribed, out-
crop along ravines at different points in the county. The first 
of these, the lowest of the group, is to be found in the central 
part of the county, at ahd above a level of 800 feet. It lies· 
at the level of Middle river, east of "Spring IEll, in section 2, 
and at'the level of North river', in sections 19, 20, Greenfield 
township. On South river it is about on a level with the river 
bed* south -of Indianola, . but it dies out before reacping Milo .. 
Another seam, a.few feet below the position of· the olte.last . 
mentioned, is at Summerset, about the level of the -railway 
tracks. East of Summerset it is freq1:le:ritly drifted as a sui~­
face seam. Another seamon this same horizon_appears at 
the level of the Whitebreast creek, in section 35 of White-
breast township. 
These upper seamsrnark quite an important coal horizon. 
The coal, under favorable conditions; is quite uniformly 
eighteen to thirty inches thick. 
Above tliis horizon, in the west central part of the county, 
two others exist over quite an area, the :tir~tabout thirty-five 
feet above it, the second forty-five still higher up .. The lower 
of these, two seams furnishes an easily accessjble supply of 
·coal in Jefferson tQwllship, the upper seam appearing only'at 
the higher points along the divides.- The horizons of these 
. two seams are also marked, in -White Oak, Otter and Liberty 
townships, by indications of coal. rrhe upper seam is drifted -
in a few places, while the lower of the two horizons is drifted .. 
in the vicinity. of :Milo and in the -south central part of Bel-· 
mont township. Both- -horizons appear in the ravine. of 
* Since the above statement was written a shaft bas been sunk to this seam, near the 
river. south of Indian,ola. 
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section 26, southeast of Lacona, and the lower of the two is 
mined a mile north of Lacona. 
Intermediate Coal 'Seams.-Between these two groups of 
seams, one at and below a level of 725 feet in the central part 
of the comity, the other' at. and above 800 feet-belong the 
seams outcropping along. the ravines in southern Richland, 
Palmyra and Union townships, where they are frequently 
drifted for local use. These latter se'ams frequently present 
a thickness of eighteen inches of good coal, and are more 
, ne~rly related to the upper of the two groups of seams in the 
central part of the county than to the lower group. 
The carbonaceous material found in the well at Milo at a 
depth of 150 feet from the su!face, or at an elevation of 775 
'feet, suggests, together with the position of coal in Palmyra 
and Union townships, a coal horizon that maybe looked for 
at a corresponding level in the southeastern part of the 
cbunty .. 
A fair idea of the succession of the coal seams that reach 
, the surface is obtained by an exa.rnination of the section along 
either South or Middle river. Along South river it will be 
observed coal seams outcrop at nine different levels. 
In the southwestern part of the county the single coal seam 
that exists will :o.ot afford very profitable mining, nor are there 
local indications that there are seams to be reached by shafts 
<?f moderate depth. The nearest coal seam to the northeast 
would, ,if extended beneath Virginia township, lie about thirty 
feet beneath the river bed at the mouth of Limestone creek. 
To the east of Limestone creek nothing: but sa'ndstone 
app.ears till the vicinity of Squaw creek is reached. 
To the west the succession of strata contain no coal beyond 
slight traces. There is merely the evidence that as the coal 
, period progressed the land was here sinking, till finally open 
sea conditions prevailed. It is riot known how far to the west 
open sea conditions existed when these' strata were laid down 
since they are now covered. up westward by the ~1issouri 
stage, and this, farther west is overlain by Cretaceous strata. ' 
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There is now no evidence whether in the progress of event~ 
strata now at a depth of one or two hundred feet were for a 
time favorably situated for the formation of coal. 
A good record of a 200-foot diamond drill boring at the 
mouth of Limestone creek will furnish more important i:iJ.for~ 
mation than a record of a well sunk anywhere .else in the 
county. 
STATISTICS ON COAL MINING. 
The following table indicates the points at which coal has 
recently been mined. Of these eighty-three places on which 
data are presented nineteen require shafts from fifteen to 
eighty feet deep, nine have slopes, and the remainder are 
drifts, or in some cases strippings. It is thus evident that 
most of the mines in the county are farmers' banks in the 
surface seams. Most of them are worked only in the winter 
time, each requiring from one to five or six men. In s'ome 
cases the data express nothing but the fact .that evidences of 
digging for eoal were observed. 
Table of Mines. 
p, i I gJ • 
;Q • CI OW:to."ER OR !lITNER. ~d ~ ~ .S ~g REMARKS. 
~ ~ ~ . ~b ci. ~ ~ I as 0 ;i ________ 8 ~ ---------c--
7722 8 SW BE Mr. McNeilly........ 3Y. ft. .. ...... Drift. 
77 2'2 9 SE SE Fordville Coal Co... ay" ft. Drift. 
'77 22 27 NW NE Mr. Miller ............................... \.Jlrift. 
77 22 3& NW NW F. WeUings .......... ,.... .. .......... Drift. . 
'T7 22 35 NW I SE Mr. Ghost........... 3-3Ye ft. .. ...... Drift. 
76 22 2 NW SE S. A .. Gose .... ,........ .. ..... -- --\ ..... "I A n old drift. 
76 ,22 9 NW SE Mr. Long.,.......... 2U in.-3 ft. S Drift. 
76 22 10 SE I:NW E. Coulslin....... .... 3 ft. I S I Shaft, 2! feet 
76 22 12 NW SE Mr. Greenway......... 12 i-n. .. ....... Sl.ope, abandoned; long, E-W; 
na.rrow, N-S. 
'76 22 14 SW SW Mr. Spurgeon........ 14-16 in. SW .. \ Drift. 
76 22 16 NE·I SR B. F. Heiny.......... 18 in. I No dip Drift. 
76 22 20 NE NE Mr. Reeves ........... 1 2 ft. W Drift. 
76 22 15 SE I SE Mr. l'lfcCormick...... ............ ........ Drift; gave it up because of no 
I roof. 
75 22 26 
76 22 26 
'i6 22 27 
76 2"2 30 
70 22 30 
75 22 1 
75 22 2 
7!'i 22 4 
75 '2"2 23 
75\22 23 75 22 25 
75 22[25 7512228 
7512:.l 28 
NW SE Mr. Anthony........ 20 in. .. ...... I Drift. 
SW SW lVIr. Bassett...... .... 1~-~~ in.- S~ I Dr~ft. 
SW SW Mr. Beaman.......... jS lll. "N Drlft. 
NE SW L C. Hodson......... 18 in. . ....... Drift. 
NW S S. G. Mosher......... 9 in. r Drift. 
SW NW A. W. Mosher,....... 20-2! in. No dip Drift. 
NE NE Mr. Sims... ... .... .... 1S-20 in. ....... Drift. 
NE NW ~1r. Williams .... ,... 16 in. . ....... Drift. 
SW NE J.A.Riller.: ..... :. IBin. SF; Drift. 
SW SW J. E. Rawson.... .... 18 in. SE Drift. 
SE NW MI'. Tbompson. ..... ............ NW Drift; about level. 
SW NE R. R. McNair........ 18 in. E Slope. 
:NE SW Mr. Griffin...... ...... 2Y. ft. W Drift. 
SW NE 1\11'. Hennen. ......... 2Ye ft. W Shaft, 28 feet. 
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REMARKS. 
~I m . 
.;] cD ci OWNER OR MINER. g'd ~ ~ O~g
boo ~ «:) ~ ~ ~ ~ j ~'O ~ 
--- ------------------ ----------75 22. 33NE NE· lifr. H~nnen. ......... 2'4 ft. W Drift. 
75 22 33 NW SW Mr. Williams..... 272 ft. N Ul"lI:~. 
7422 3 NW' NW Mr.Horr.............. l:l ft. SE Drift. 
7i 22 4 NE NE M.r. Olamer.......... 2 ft. SE Drift. 
74 ~2 9 8 WNW lih. Shajf~l"... .. .. .... -3 in.-Ht. '. ...... Orift. 
74 :a2 2l N E N R: William Smith...... .. .... .... ....... Slope. 
74 22 22 N W NW Mary Higbee......... ..... ..... ... . ... Shaft, 26 feet deep. 
74 ll2 24 SW 0 L. b~oucli .. '" ..........•................ Shaf •. 
7! 2~ 35 NE 0 G. E. ISharp......... 16·13 in. ...... Dr.itt. 
n 23 7 SE SW William Lumsden... 30 in.. . ....... Slope. 
77 23 7 8E . SE Mr. MO::Jre . ...... .. .. ........... ... . ... Slope. 
77 23 8 NW CJ. S. Anderson ....... , ...................... Drift. 
77 :33 8 NE C J .. S. Anderson..... .. ............ ........ Drift. 
77..23 2l SE S W O. H. Sayers ..................... " ... Shaft. 
77 2iJ 27 NEW I L. D. McClintic...... ............ ....... DrifG. 
7723 21 NE E R. Wade ............... '" ............... Drift. 
'11 2328 NE NW W. S. Benham........ 2\1,-3 tt. . '" .... Shaft. 
7723 28 NW NE D. K. Jones ... ~..... 272-3 ft. . ....... Shaft. 
17 23 31 NE Nro Mr. Lumsden.... . .................. Shaft. 
77 23 3t NW SE Caldwell & Cassidy. ~3l4-4 ft. N Shaft. 
77 23 35 NW· NE G.O Gardner........ .... .... .... S Drift. 
'16 23 2 NW BE A. B. Crelghton ..... ............ ....... Drift; mined years ago. 
76. 23 7 N IV C J. Malone. Br........ ............ .... ... Rhll.ft. 
76 .23 32 NW BE J.Lord ........... '" 15 in. W Drift. 
76 2336 NW NW I. Jamison ............................... ~ha.ft. 
75 23 14 S W NE Henry Clark......... ............ ........ Drilt. 
'1512314 BW SW A.J.Oonner .... ; ........................ Drift. 
7523 21 SE SE Mr. Hutt.......... .... 18 in. . ....... Drift. 
'151 23 .23 N W NW A. J. Oonner. .... .... 12-l4 in. NE Drift. . 
75 23 .23 SE SE Mr'. Bales. ........... 24 in. " 'N' E.... i:ihaft, 30 feet. 
75 2321 8E NW Mr. Whilliken........ ....... ..... Slone. 
75. 23 25 NW NIll Joe MitChell..... .... 18 in. W Drift. 
75 1. 23 25. IS W NW Johnsflll & Bryant.. ............ NE ~hC1fts, 15 feet: 
'15 '.23 328 E E J 8.. Dyke ............... ,....... . ..... Drift. 
75 23 3l NW SW Mr. Bales............ 18 in. SIV I Ddit. 
75 23 34, INW SW Mr. Bales ... ,... .....ld in. SW Shaft, 16 feet. 
75 23· 34, SWNE I C. L.Bnrgit ......... l!-Ui in. SW Drift. 752~ Si SE SE O. L. Burgit.......... 14 in. NW DrHt. 
74 23 5 8W SW Mr. Williams .... ~';. 18 in. E Drift. 
74 23 8 NW NW J E Chittenden ::~. 11-18 in. SW Slope. 
7423 ·29 NE .NE H. McNeiL...... .... 16 in. S Drift. 
74 23 29 NE ~EMr, Ball...... .... .... 16 in. S Drift. 
77 24, 19 SW NEEarle Bros ............................... Drift. 
'17 24 20 BE SE Faust, also H.uffman 3. ft 8 in. . S Slope. 
7724 2l SW SW George Dillard .......................... Slope. 
7'1 .24 22 N .J. A. Bishop.. . .. . . . .. ........... Drift. 
7'1 24 29 NE NW C. W. Rep-ves . .... ... . ........ ..Shaft. 
77 24 30 S W NE .T. A. Lockri£l ge.. .... ................... Shaft. 
76 24 2 . SE C· D.Beem ....... _ .................. _ ..... Drift. 
76 2t .2 SW NE E. Van Pelt .............................. Drift. 
7624 9 N W BE Earle Bros ............ -. ........ ........ Shaft. 
76 24 14, I NE NW J. 8. & G. M. Basler. ............ ........ Drift. 
75 24
1
10 NW SW John W. Randolph.. .. .......... .... ... Shaft. 
'It! 25 2 SE 0 Jacob M. Dillard. Jr ..................... Shaft, also drifts. 
76 25 12 S W NE Ear]e Bros. .... .. .... 13 ill. . .... '" Drift. 
The output of coal for each year is expressed in the follow-
ing table, prepared from the mine inspector's reports for the 
various years. It will be noted that this estimate does not 
include all the country banks. 
YEAR. TONS.' I 
188L __________ : ___ ~ ____________ 12,981 
1882 ----- ______________ . _____ . ___ 11,081 
l~83-----------~----~---~-~-~~-- 12,828 
YEAR. TONS. 
1884 __ --- _________ .:_______ __ _ _ _ _ 13,727 
1885 ___________ :. ________________ 12,825 
1886. ____________ ~ ______________ 23,332 
350 GEOLOGY OF WARREN COUNTY. 
YEAR. TONS. YEAR. TONS. 
1887 __________________ • ____ .: ____ 24,796 1892. ~ ________ ".: _____ .: _____ -' _ ___ 9,570 
1888 ________ .: _________________ : 17,01.3 
. . . 
1893 ______ :.. __ " _________ -: _______ 14,575 
1889 ___ ~ ____ ~ ___________________ 15,583 . 1894 __________ . ________________ 25,454 
1890__ _____ _ __ _ _ _____ _ ____ __ _ _ __ 17,923 1895 ______________________ ~ _____ 12,000 
1891 ____________________________ 15,604 
WATER SUPPLY . 
. RAINFALL. 
The weather observations recorded for the county are as 
follows. 
PRECIPIT~b,..TION, WARREN COUNTY.* 
MONTH. 1892 1893 1894 1895 
----------------~- -------_.---.-January _________________________________ :.. ___ . 
February _ . ____________ . ___ ~ __ " ______________ . 
March ____________________ -___ .• __ -_______ ~ ----
1.21 
1.24 
1.31 
·April _____________ . ____________________________ . 
May ____________ .:. _____ . ______ :. _____________ --_'. 
June ___ '-_.___ ___ __ __ __ __ _.:.. ______ ---_ ~. ___ ._ - _' 
3.96 
10.47 
4.14 
July ---.: ~---- - .- -- ."- -- -- -. -- -~- - ~c -- -- -. ---- -. August _________ . ____________ c ______________ ._-
September ____________ .. __ ~ ___ .- ___ • ___ . ____ -- . 
October ___________________ :.. __________________ . 
2.50 
1.92 
1,43 
2.34 November ___________ . ________ '0 ____________ "_. ;79 ])ecember _____________________ . ___ ~_." ____ .--- 1.57 
Total _______ . ______ _ ______ ._. ____ .. _ 32.88 
.34 
.90 
.80 
5.05 
4.78 
6.87 
--------
---"---"--
2.76 
.20 
1.68 
1.10 
.68 
.71 
2.99 
1.79 . 
1.03' 
1.29. 
.40 
.95 
4.53 
. L09 
.83 
.90 
·17.25 
1.15 
.20· 
.52 
2.35 
3.64 
. 1.92 
~ - . 
The following table gives the '"rainfal1for Des Moine$. as· 
recorded at· the government. office in that city~ Since Des 
Moines is but five miles north of Warren county, the Des 
Moines rainfall may be.taken as a fair average of rainfall In 
Warrefi county. 
PRECIPITATION AT GOVERNMENT STATION,· DES MOINES, 18.'79-1895. 
-
MONTH. 1879 1880' 1881 1882 1883 11881 1885 1886 1887 1888 i~9 1890 1891 1892 189311894, 1895 
-----'- - - ------ - - - -'- -- - ---- - --January .. .69 .70 1.55 .63 1.72 .85 1.00 3.'11 .SS 1.15 1.22 2.62 1.82 1.60 .56 1.09 1.30 
February. 1.90 .17 2.68 1.21 2.51 1.92 ;42 ;52\1.65 1.51 .27 1.17 1.13 1.35 1.28 1.39 ,60 March .... 1.68 .70 1.18 2.28 .57 2.24 .04 1,4,1 1.79 3.09 .11 .91 2.25 2,4,7 1.15 1.78 .50 
April. .... 1.03 1.56 3.36 3.47 3.48 2.97 3.62 4,.32 2.48 1,45 2.66 .78 212 336 5.61 1.70 SAl 
?lay ...... 4.74, 5.M 3.82 8.53 9.76 4.34, 1.70 4.01 2.31 7.84 4.84 3.00 3.29 8.77 2.M l.41 2.86 
June ..... 6.69 4,.11 15.79,12.16 7.75 '3.84 5.03 1.21 2.25 232 4.39 4.9! 5.60 3.41 4.69 1.67 5.26 
July ....... .29 3.82 5.57 4.78 2,37 7.1.6 6.65 .21 1.94, 342 4.37 1.10 2.78 8.64 3.55 .. 29 3.10 
August ... 1.98 6.69 5.29 3.14 2.83 3.84 5.10 1.10 2.66 4.52 2.25 3.35 4.22 2.45 1..60 1.89 3.57 
Septemb'r 2.79 5.34, 4.70 .15 1.88 5.48 4.82 7.93 5.36 .48 3.41 1.57 1.6i 1.12 1.33 4.46 3.20 
October .. 3.15 4.90 6.45 5.94 4,.42 5.33 4.18 2.62 1,40 .84 ... 52 4..48 2.41 2.54 .. 2'3 2.24 .29 
Novemb'r 649 1..97 3.97 2.81 1..32 1.21\ .611.86 .52 2.09 1..29 .74, 1.3! .76 1.51 .99 .85 
December 1.39 .86 1.85 2.50 1.0S 1.93 1.96\ .81 1.41 2.404, .51 .11 1.54 1.95 130 1.15 1.86 
-----_. -
. Total. 3'3.82 36.66 56.81.4,'7.60,39.69,41.1.4, 35.03 29.53 24.60 31.15 25.90 24.74, 301.4, 38.42 25.M 20.06 25.80 
*These observations were made 1892-94 by the writer,and July, 1894, to July, 1895. bY.Prof. L. 
A. Youtz. The records for July and August are incomplete because of the absence of ob!Servers. 
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In studying these t.ables it is well to note that in the j udg-
mentof the office of the state weather bure~u, if the ground 
is well wet in early spring, oats will mature a heavy crop if, 
during the two months oats are growing, there is a precipita-
tion of four inches per month. A good crop of corn will 
mature if there is a precipitation of two inches per month. 
during the months the corn is growing, provided the pre-
cipitation occurs at intervals as needed. 
WELLS. 
SURF ACE WELLS. 
Few wells in the county are more than thirty feet deep, 
consequently in some places they end in the drift and in other 
places in the coal measure shales just below the drift. 
Pure well water contains no organic matter, but contains 
. mjneral matter dissolved from the strata the water has passed 
through. The wells that end in the drift contain in solution, 
gypsum (Calcium sulphate) together with a trace of carbon 
dioxide. If surface water has had access at all to the well a 
trace of chlorine and also of ammonia may be found. If, how-
ever, t.he well is pollut~d by wash from the surface the chlo-
rtg.e and ammonia become abundant, so much so that a deter-
mination of the amount of chlorine and ammonia. (both free 
and . combined in organic compounds) may be taken as an 
indication of the purity of the water for drinking. 
Carelessness in the location and care of a well is of frequent 
occurrence. The purity of drinking water is of such great 
importance to health that too much emphasis can not be 
. placed on the advisability of great care in the protection of 
wells from pollution. Not only may the material itself which 
washes into a well·be objectionable, but even material that of 
itself seems unobjectionable, may in its decay .furnish condi-
tions favorable to disease. 
There are two areas in the county where the strata are 
such as to have a marked influence on the wells. The first 
is in the northern part of the county from the eastern side 
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as far south as Hartford; westward to the center of' Green-
, field township. In this area the surface is underlain by a 
sandstone eastward and a sandy shale westward that receives 
water from the soil, leaving shallow wells quickly susceptible 
to drouth. In White Oak township west of Cedar creek the, 
soil is underlain by sand for a moderate depth and this sand 
by clay. Evidently it is here desirable that the wells pass 
through the sand to the clay. 
DEEP WELLS. 
As the coal measures contain many beds of sandy shale 
and clay of irregular thickness and extent, all dipping south 
and west at an average rate of about two degrees, the condi-
tions are favorable for finding water in the sandY,shale, since 
the water works its way downward along the direction of dip. 
These conditions are so favorable that anywhere in"the 
county it is fair to expect that a welrfrom 150 to 250 feet de-ep 
will be quite sure of obtaining all the water necessary to 
meet the demands of any stock farm; but the water isjust as 
sure to be "sulphur water." ' 
Below the shales of the coal measures no single water hor-
izon can be depended on to furnish a large supply, though 
various strata as far as the Saint Peter and Saint Croix sand-
stones may contribute more or less to wells passing through 
them. 
From such data'as is obtainable it may be estimated that 
the Saint Peter lies about 1,000 feet below sea level in the 
central part of the county, or from 1,800 to 2,000 feet below 
the surface of the uplands. About 200 feet below' the Saint 
Peter sandstone lies the Saint Croix sandstone that furnishes 
a considerable portion of water to the Y. M. C. A. artesian 
well at Cedar Rapids, and to ~ther wells in that part of the 
state. The measureme:q.ts obtained, especially at Cedar Rap-
ids, Sigourney, Centerville and Grinnell, indicate the rate of 
dip to the southwest and furnish other data from which it is 
possible to estimate the distance the sandstone is below the 
surface in Warren county. At Cedar Rapids the Saint Peter 
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,sandstone is 212 feet below sea level; at Grinnell; 677 feet 
below sea level; at Sigourney; 615 feet below sea level, and 
at Centerville 627 feet below sea level. Sigourney and Grin-
nell are in the salle lin.e of strike and Centerville and Indian-
olaalso in another line of the strike.' Sigourney' is about 
half way between Cedar Rapids and Centerville, and Grinnell 
occupies the same position with reference to Oedar Rapids 
and Indianola. In' the various borings that have been made 
it is found that the surface of the Saint Peter sandstone first 
dips rapidly southwest, then becomes more nearly horizontal. 
FTom Cedar Rapids to Sigourney' the Saint- Peter sinks 403 
feet, from Cedar Rapids to Grinnell it sinks 465 feet. From 
, Sigourney to Centerville the, fall is but twelve feet, from 
Grinnell to Indianola probaqly something more than twelve 
feet. ,This' would make the Saint Peter sandstone 1,668 feet 
below the surface'at Indianola. This estimate may ,be con-
sidered an inside estimate, while that previously given, based 
on the thickness of the strata where they outcrop, may be 
considered an outside estimate. We inaysay then the Saint 
Peter sandstone is approximately 1~800 feet beneath the sur-
face at Indianola~ As other ,wells are sunk to the Saint Peter 
sandstone the correctness of these ,figures can be tested. 
The quality of the water can be determined fro'm analyses' 
of sample.sobtainedfrom the borings mentioned. An analy-
sis of the water obtained at Grinnell yields the following. * 
Grains 
per gallon. 
Calcium carbonate _________ . _____ ~-----. ______________ ,__________________ 7 
Calcium sulphate ___________________________ '_ _ _ _ _ __ ______ _ ___ ____ __ __ ___ _ 41.1 
Magnesium sulphate . ____ . __________________________ ~. ______ _ ___ ____ ____ 30 
Sodium sulphate _______________ . ___________ ,_________________________ __ __ '27.34 
Sodium chloride ___ .' ________________________ ~ ___ ____ ____ __ ____ __ ____ __ __ .87 
S il1cate of iron and alumina ______________ .___ ___ _ ___ __ ___ ____ ____ ______ .7 
Total solids at 120°C ___________ . _________ ~ _____ ..;_____ __________________ 120.75 
This analysis indicates a water very" hard," even more 
objectionable than the ordinary well water for culinary pur-
* Recorq of ~4e G-r~nI1ell deep boring, A. J. Jones, Proc_ Iowa Acad. of Sci., leU, p. 35, 
• 
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poses and for use 'in ?oilers.,Asa drinking water the min,. 
eral constituents are no moreinjurious than those of ordinary 
well water. The water is absolut~iy"free from organic impur-
ity. The quantity'obtainedfro1It the wells at Cedar Rapids, 
·and Griimell is as follows: Cedar Rapids, 86,400 gallons 
every twenty-four hours; Grinnell, 12,800 gallons' every 
twenty-four hours ~n the winter months, in the summer more 
without exhausting the flow. 
OIL AND NATURAL GAS. 
It has long been thought that at some time- conditions 
favorable to the collection of oil and natural gas may be dis-
covered in Iowa. ,So far as' structure is concerned thefol-
lowing conditions must be sati~fied: (1) there ttmst be the 
unbroken crest of an' anticline with (2)an impervious layer 
underlain by (3) a porous stratum inwliich the oil or gas'as 
it rises can collect. . 
:,. . 
, In the' northeastern part of the county is the arch of an 
anticline extending through sections 10, 12,' 13 and 24;of 
Richland township in a riorth-~est and a southeast direction. 
Beneath-the drift is a soft sandstone underlain by clay, and 
clays alterriatewith sandstones down to the Saint Louis. 
Here is the only place in the county where the conditions are 
at all favorable to the preservation of oil ,and na~ura;l gas, 
and yet it is by no means sure that these substances occur at 
this point., One condition only is known to be satisfied; the 
other equally important conditions may prove to be entirely, 
unsatisfied. < 
MINERALS. ~ 
Minerals found in the county are such as comlIlonlyoccur 
in tb.e.ddft and in the coal measures of the state. In the 
drift, quartz and agate a~e common; rarely, pieces of copper 
and of iron pyrite have been found. In the coal measures 
are calcite, selenite, celestite, marcasite,pyrite, hem~tit~ 
~nq Hmc;mite in small quantities, 
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'1'he decomposition of the sulphides of iron (pyrite and mar-
casite) sets free the sulphur and stains the water with the 
oxides of iron. None of the above minerals are in sufficient 
quantity and purity to be of commercial value .. 
BUILDING STONE. 
Warren county is not well supplied with building stone. 
Nearly all the sandstone yields readily to oxidation, which, 
. aided by frost, decomposes and disintegrates it very i'eadily. 
There are, however, three strata that deserve especial notice 
because of the manner in which they withstand erosion. The 
first is the stratum of arenaceous limestone, fairly free from 
iron, that, where not eroded or covered up, may be found 
outcropping in the ravines from the northern part of Otter 
and White Oak townships northwestward into Greenfield and 
Jefferson townships. The outcrops of this sandstone are 
particularly marked in Tp. 76N., R. XXII W., Sec. 30; Tp.76 
N., R. XXIII W., Sec; 36; Tp. 75 N., R. XXIV W;, Sec. 14; 
Tp. 76 N., R. XXV W., Sec. 12 and Sec. 13. It is not easily 
accessible, except in various 'places along ravines and south-
east of Ackworth, in the hills of section 30. This limestone 
is, on the average, about a foot thick, though where it grades 
into sandstone, in section 30, it occurs as a bed three feet 
thick. Farther southwest it should not be confounded with 
the eight inches of cap-rock that occurs above a seam of coal. 
In section 22 of White Oak township occurs a large mass of 
sandstone. While resisting oxidation fairly well, it is too soft 
to make a good, permanent building stone. 
In.the northern part of section 17, in Virginia township, the 
sandstone has been qUG"rried at several points. Another 
stratum, about thirty-five feet below the one opened up, is to 
be seen jn section 18, near the road north on the eastern side 
of the sedion. The sarrie two strata of rock are to be found 
on the south side of the river, where they occur five feet 
higher above the river bed and thirty-five feet apart. The 
best section is to be found in the ravine at Hilton's) in th~ 
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southern part of section 17. By comparing the strata in the· 
neighborhood with those of section 17, the limestone seen in 
a ravine in the eastern part of section 19 is seen to be the 
upper one found in section 17. The limestone of section 28 
and farther west on Limestone creek is also the upper one of 
section 17. The lower limestone of secti~.m 17 was found in a 
. well ona hillside close to the eastern boundary of section 16. 
Eastward to Squaw creek these rocks are completely eroded, 
or are covered up by drift, but the heavy sandstone of 
section 17 (Tp. 74 N., R. XXIII W.), northwest of Liberty 
Center, is judged to be the equivalent of the lower limestone 
of section 17. 
CLAYS. 
While but little of the stone of Warren county is suitable 
for building purposes, the clays furnish an inexhaustible su?-
stitute. Thete is no satisfactory reason why the cheaper 
grades of hand-made brick may not be manufactured in each 
comIimnity to supply the 10Dal demand. There is also excel-
lent material for the manufacture of brick of finer quality. 
The clay that can be used is derived from three sources: 
first, the loess; second, the alluvial deposits along the rivera; 
and third, the coal measure shales. 
Nearly -all the soil is a part of the loess, blackened bya 
large amount of vegetable mould. . This vegetable material 
burns out in the process of firing the brick, causing the latter 
to be too porous. If the black soil be first removed and the 
loess just beneath used· for brick,one cause of the porous 
condition of the brick is avoided. 
The loess just beneath the soil makes ~the best deposit 
. of brick and pottery that we have. It is fine sediment, prob-
ably laid down at some time during thB melting of the great 
sheet of ice that extended_over the northern and eastern part 
of our continent. 
The following analyses were made by Prof. G. E. Patrick, 
chemist to the survey. No. 1 is the loess taken just beneath 
the s~il, N Q; ·2 is the dark gray mat'erial fQund below th~ 
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upper or yellow loess. Both samples were taken from the pit 
of the Indianola Brick & Tile Co. (Tp. 76 N., R. XXIII W., 
Sec. 19, Sw. qr., Ne i). 
No.1. No.2. 
IIygroscopic vvater __________________________________ .___________ 1.70 3.76 
Combined vvater ___________ . _____ . ____________________________ - _ 3.33 6.89 
Silica Si O2 ______ .' _____________ ..: ______ ~_ __ ____ _ __ _ ____ _ _ ____ __ _ _ 72.24 63.31 
Alumina A12 0 _______ . ____ . ____________________________________ 12.58 ]6.51 
Iron oxides as Fe 2 0 3 ______ __ ____ ________ ____ __ _ _ ___ _ __ __ ____ ____ 4.02 4_06 
l\-faganese oxide Mn 0.___________________________________ _____ 0.00 0.'19 
Lime Ca 0 ____________________________________ ._____ __ ____ ______ 1.40 1.11 
Magnesia Mg 0_ _ _ ________ ____ ____ ______ ____ __ _ _ __ _ ____ ____ _ _ __ _ .99 1.10 
Soda N az 0 __ ____ _ ____ ____ __ __ __________ __ _ ______ ___ ______ _ _____ 2.60 2.20 
Potash K2 0- ________________ .- ________________ -_________________ 1.54 _96 
100.40 100.36 
Analyses of the same clays were made by Prof. L. A. Youtz 
and are published in the proceedings of the Iowa Academy of 
Sciences for 1895. The results were very similar to those 
given above though not so complete. 
The lower loess differs somewhat from the upper loess in 
that its silica is combined; not free as in the upper loess. 
Other differences may 'benoted. on comparison of the analyses 
here given, but any difference due to the amount of titanic 
'acid present cannot be stated since the titanic acid is here 
estimated with the silicon dioxide. ' 
Along the river valleys, especially along Middle river a~d 
the lower courses of North and South rivers, are numerous 
filled up lagoons. These were form'ed by the river, which at 
some time in shortening its course by cutting across a narrow 
strip of land, left the bend as a cut-off that at every high 
water was filled by the streams carrying an abundance of fine 
sediment. Various lagoons may be found representing all 
stages in the filling up pTocess. This fine alluvial deposit is 
good material fOT brick. ' 
The shales of the coal measures are verv variable in 
, 0/ 
character.. Not only do the deposits themselves vary ill com-
position so that a bed of clay in one place may found as' a bed 
of sand' in another, but they also alter 011 exposure to the 
/ 
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weather. Usually it is better to mix the shale with a portion 
of loess; in the proportion of two parts of the clay to one of 
loess. 
-It is -to be hoped that the durability of a good brick and its 
freedom from decay will lead to its universal use for well 
curbing, .foundations for houses, and walls of cellars and 
caves. 
The demand for tiling is at present largely supplied by 
manufacturers outside the county. Since January 1, 1893, 
there have been shipped into the county from outside sources 
about 253,720 feet of tiling in sizes as follows: 
~~:~~ !_~ ~~~~~~. ________________ :S~::~ I s~:~~_~~ ~_~~~~~. _________________ 3~~:5t~ 
4 _______________________________ 64,560 8_..: ___________________________ ~ l?,lOO 
5~ ______________________________ 53,780 10 ____________________ ~'._ . _______ 11,000 
6 ___________ • ___________________ 42,490 
I 
If the movement toward the building of good roads now 
under discussion in various parts of our country ever receives 
att~ntion in this county, the clay deposits maybe looked to 
f~rnish either a cheap ballast, to make better roadbeds or 
vitrified brick for paving. 
CLAY WORKING PLANTS. 
POTTERY_ 
There are two places in the county where pottery is manu-
factured; Carlisle and Hartford. At both of these places the 
manufacturing is for the local market only. _ At Carlisle Mr. 
Burney burned 21,000 to 22,000 gallons in 1894. Generally he 
burn~ ten kilns, eae:h kiln of 6,000 _~allons capacity. At 
Hartford Mr: William Kurtz burns two kilns a year, each 
kiln of 2,500 gallons capacity. 
BRICK. 
Until recently the Indianola Brick & Tile Co. was engaged 
in the manufacture of brick. They used the loess and drift 
clay, first carefully removing the soil. - For the preparation 
of the clay there is a plant consisting of a Penfield machine 
lp. 7'1 N. 
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run by a twenty-five horse power engine, and in burning one 
up draft and two down draft kilns are used. This firm also 
has a pottery kiln witha capacity of 30,000 gallons. 
At Glassock's Mills Mr. Glassock manufactures hand-made 
brickior local trade. The material used is an old alluvial 
deposit of Middle river. 
In four localities hand brick are made from the soil: 
northeast of Spring Hill by Mr. H. 1. Hoover (Tp. 77 N., R. 
XXIV W., Sec. 17, Ne. qr., Sw. -1); south of SpringHill by 
Mr. Faust (Tp. 76 N., R. XXIV W., Sec. 4, Sw. qr., Ne. 1); 
at Milo by Mr. C. E. Gross; at Lacona by Mr. S. ·D. Kirkheart. 
The brick are hand made from loess, the soils being 
scraped off and thrown asid!=.The total amount of brick 
burned in the county In 1894 was 365,000. ':f.1his represents 
the average production. 
TILING. 
The only tiling manufactured at present in the county is 
made by O. Fenton at Palmyra. The different sizes manu-
factured range from two to six inches in diameter. 
SOIL . 
. 
The description of the drift was in a measl!-re a description 
of the soil. The natural porosity of the soil and the ease 
with which it is tilled are due to the structure of the drift. 
The thousands of acres of corn with their rich increase are only 
possible because of the drift. W er~ ·coal and stone far more 
abundant and valuable than they are, still Warren county 
would exist as chiefly a region of fine farms. The broad, rich 
lowlands have not required much tiling, and the uplands are not 
too dry' for fine crops. The soil over the entire county consists 
of loess modified in places by mixture with underlying shales. 
MAP. 
~ehe data for the streams ~and various ravines represented 
on the accompanying map were obtained from the map of the 
original go~ernment survey now in the auditor's office at 
Indianola, and from a county plat-book. The data of the 
roads were obtained from an atlas of Warren county (Harrison 
and Varner) and the county records to date at Indianola. 
.~ 
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EARLY GEOt.OG1CAt. WORK. 365 
INTRODUCTIO~. 
LOCATION AND AREA. 
Appanoose county is located on the southern boundary of. 
the state a little east of the middle. Davis county joinsit on 
the east, while Monroe and Wayne counties join it on the 
north and west respectively. In shape it is an approximate 
.parallelogram; it extends twenty-four miles from east to west 
an9 a little more.than twenty-one miles from north to south. 
The west county line is slightly longer than the east line, 
owing to the fact that the southern boundary of the state is 
not' quite parallel to the section lines. 
In all, Appanoose contains twelve complete congressional 
townships with parts of four more. The total area of the 
county is 658 square miles. This is divided into seventeen 
civil townships which are named on the accompanying map 
with the exception of Center, which lies wholly within Ver-
. . 
tnillion township. and is co-extensive with the city of Center-
ville. 
PREVIOUS GEOLOGICAL WORK. 
,The earliest geological. survey' of the state-that con-
ductedby Dr. David D. Owen under the auspices of the Fed-
eral government-was not extended illto this county. Upon 
the map published as a 'result· of this survey the region now 
"known as Appanoose county is represented as within the coal 
measures. This is the first information published bearing on 
the geology of the area under consideration. The work of 
the Hall survey was confined to the region east of this county, 
though on the map of the eastern part of the state published 
as a result of Hall's'work, Appanoose is again represented as 
lying within the coal field. 
In 1867 both Dr. White and :Mr. St. John visited the county 
and made a few brief observations. * 'A few years later C. J. 
Norwood, while engaged in a geological survey of neighbor-
ing counties in Missouri, examined the coal outcrops near 
. 
*First and Second Ann. Repts. of State Geologist, p~ 40. Des Moines, 181i8. 
Report; of Geol. Sur:v. Iowa, Vol. II, p. 270. Des Momes, 1870. 
S3G Rep 
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Hilltown. * More recently, Winslowt has reviewed the geol-
ogy of neighboring counties in Missouri; incidentally throw-
ing considerable light on the geology of Appanoose. 
Up to the organization of the present survey no detailed 
examination of the structure of the county bad ever been 
made. The field work which forms the basis of this report 
was carried on during portions of the summers of 1893 and 
1895. Several short preliminary papers:!: were published at 
the close of the first season. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
Appanoose county is well up on the divide, between the 
Mississippi and Missouri rivers. The actual watershed lies 
to the west of· the county.· It is not, however, a marked 
physiographic feature, aDd finds expression rather as a high 
plain than as a ridge. In this. county the plain slopes gently 
towards the ea~t. There is a second and much slighter slope 
towards the south. The inequalities which were developed 
in the surface of this plain, by erosion during preglacial times, 
have been to some extent obscured, but are occasionally 
encountered in mining operations. The present surface is a 
drift surface. The topographic forms are engraved forms, 
cut in the even surface by erosive forces. Embossed forms 
have so far not been observed. Foldings and flexures of the 
strata, while< present, are not of sufficient intensity to have 
influenced the topography. 
The general surface of the country. is a flat, even plain. 
This is cut into and divided by the river valley&The divides, 
however, present an unbroken, eveD, surface. In crossing a 
stream one leaves the open prairie, desc~ends and traverses 
a relatively narrow bit of broken and low-lying country, and 
then reascends to a plain corresponding to the one from 
*Rept. of Geol. Surv. Mo., 1873-1874, R 295. Jefferson City, 1874. 
!Geol. Surv. Mo, Pre~im. Rept. on.Uoal Deposits. pp. 54;58. Jefferson City, 1891 . 
.,.Proc. Iowa A.cad. SCI .. VoL I.j)t. IV, pp. 33-36. Des MOlUes.189!. 
A.merican Geologist, Vol. XIII, pp. 407-411. Minneapolis. 1894. 
See also Keyes: Coal Deposits of Iowa, Iowa Geol. Surv., Vol. II, pp. 406-4U. Des 
Moines, 189k 
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which he descended. The valleys are not narrow, sharp 
gorges, however, but are relatively wide and bounded by 
gently curving hillsides; yet, as compared with the width of 
the divides, they are much narrower. 
The general character of the plateau surface is excellently 
shown south and west of Centerville, along the Chicago, 
Rock Island & Pacific railway. 
FIG. 52. General view of plateau surface near Eldon mineKo. 2; southwest Qf Centerville. 
The divide between North Shoal and Cooper creeks, along 
whie;p- the railway runs from Centerville to Seymour, is typi-
cal. . The Chicago, Milwaukee.& St. Paul railway runs over 
. .. 
~ SilI!.ilar plain from Seymour to Jerome, and again from Mora"-
via to Trask. The Iowa Central traverses the latter plain 
from Albia to Maine, and the Keokuk & Western runs over 
the tableland between Walnut creek and South Chariton river 
from' Garfield· to Promise City. Over these drift plains rail-
way construction is simple., The line follows the most easily 
purclJ.ased right of way rather than any line of grade. The 
wagon roads are lai~ out along land lines and require but little 
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gTading. The farm fences run in straight lines, and the fields 
are large and right-angled. 
The separate areas of upland plain are' essentially all 
portions of one continuous surface. They rise to the saine 
general level, and when standing upon the plain an even sky-
line is seen. Cut into this plain' is the rather broad valley of 
the Chariton river, running from northwest to southeast 
~crossth~.:~o~nt:t: .. ~e~~i~g.1?~ck; .. ~l'.o.m. it .to the s01~tlJ:~y-est . 
are the valleys of South Chariton, Walnut, Cooper, and SEW-
eral minor streams. Along these streams are numerous side 
branches, usually coming into the main stream at right 
FIG. 53. Vaney of Manson branch near Centerville. The shaft house of the Centerville 
Block No.8 may be seen near the center of the picture. 
angles. Manson branch, a small tributary.of Cooper creek, 
.. joining it near Centerville,is a good representative of the 
minor streams. It has a rather narrow, though not sharply· 
cut valley, bounded i~ the main by gent~y sIb ping drift-
veneered hills, as shown in figure 53.' 
TABLE OF ELEVATIO~S. 
In the following table of elevations the altitudes as given 
by the Chicago, Rock Island & Pacific railroad profile have 
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been taken as a basis. The elevations of points not reached 
by that road are given as shown upon the profiles of 
the various other roads, plus or minus the amount neces-
sary to bring them into harmony with the chosen basis. At 
railway crossings the differences were obtained by carefully 
checked barometric readings. Where two elevations are 
given, the upper is from the profile, the lower from the 
barometer reading. 
Brazil __ ____ - _________ ~ - ______________ -_____________ -' ____ .;, ___ .,.____ ___ _ __ _ 1,017 
Centerville. 
C., R. 1. & P. depot_ -______ - _ - _ -_ _ ___ _ _ ___ ____ _ _ __ _ _ _ _ ____ _ __ _ ____ _ _ __ 1,017 
K. & W .. depot _____________________ .. _________________________________ 1,007 
Chariton river bridge. 
C., 1\1:. & St. P. Ry. _______________________________ ~_~---------------.--;,. 983 
Iovra Central Ry. ______________ ~______________________________________ 927 
C., R. 1. & P. Ry: _____ ~ ________ ,.. _______ .___ ____ ____ __ __ ____ _ ______ ____ 866 
K. &; W. Ry. ___________ · ____________________________ ~---------- ___ ~____ 821 
Cincinnati _____________________________ ~ __________________________________ 1,027 
- Cooper cI'eek bridge, Iovra Central Ry. _________________________ ~__________ 867 
Darby __ ~ ____________ ._ w ________________________ .---- _____ .------ ____ ____ ____ 1,048 
Dean _________________________________________ ~ ________ -~-r---------------- 819 
Dennis (bridge) __________________________________ ~__ __ __ ____ __ __ _ __ _ _ _ __ __ 927 
Eldon Mine No. 2 _____________________ ,; ________ -' __________________________ 1,032 
Exline __________ .- __ _____ _ _ _ _ _ __ _ ___ ____ ___ _ __ _ _ ______ _ _ __ __ _ _ _ _ ___ __ _____ 1,005 
Forbush ________________ . _________________________________________ .____ ____ 1,067 
Garfield ______ :- ______ . _______________________________ . _________ .- _______ _ __ 1,039 
Guinn ____________________________________________________________________ 939 
Iovra Central crossing. 
C., M & St.P. By. ___ -, ______________________________________ ~ ________ 1,051 
Iovra Central Ry. __ -:- __________________________________________________ 1,076 
Jerome ___________ :.. _________________________ . __ • __________________ .____ ____ 1,059 
Keokuk & Western crossing. 
C., M. & St. P. Ry. __________ .. -----.-.~--------------------------------- 1,059 
K. & W. By. __________________ ~___ ______ ______________________________ 1,037 
Maine _________________________________ . __________________________________ 977 
Moravia ________________________________________________ • _________________ 1,041 
Moulton _____ -. ___________________________________________ ~__ ____ ____ ____ __ 983 
Mystic _____________ ~ __ : _____ • ________ .___ __ ______ _ _ __ ___ _____ ____________ __ 1,006 
~uma ___ .,.---.----~-------------~------------------------ __________________ 1,041 
Plano ________ ~. _________________ ~ ____________________________ .. ____ ____ __ __ 1,069 
- Relay _____________________________ ;__ __ ____ ____ __ ________ _ _ __ _ ___ __ __ __ __ i:\97 
Sedan ____ ~ _________ .--- ____ __ __ _ _____ __ __ __ __ __ _ _ ____ ____ ____ _____ ._ ______ 821 
Seym<;n~:r -::-~~ .. ;_':"~~~~=-r-·--- ---- -- _~ ~'" .. -~,.:;- ~~ =~ ===~;_.- -.,.c=""'~~ .. ..,~~-- .,--- -- 11°'\9 
370 GEOLOGY OF APPANOOSE COUNTY. 
U dell _________________________________________ -- -_ - - -- _ -- - -- - - - - - - -- -- - - - - 1,000 
Unionville ______________________________________ - --- -- _____ - ---- - __ --__ '940 
DRAINAGE. 
The waterways of Appanoose county belong in part to the 
Mississippi and in part to the Missouri system. Across the 
northeastern corner of the county Soap creek flows. This 
stream has its source in Monroe county and flows south and 
east to the Des Moines river reaching that stream just below 
Eldon. In Appanoose county there are two branches, North 
Soap creek and South Soap creek. Neither of these is a very 
large stream, but eacp. has a considerable number of small 
tributaries. The region through which they flow is rough 
and heavily wooded. 
In Udell and Washington townships the north and south 
forks of Fox river' originate. This is a longer and more 
important stream than Soap creek and flows into the Missis-
sippi river a short distance below the mouth of the Des 
'11oines. 
'The largest stream in the county is the Chariton river, 
which flows across it from northwest to southeast. This 
stream is formed by the union of two branches, one of which 
rises in the southeastern part of Clarke county, and the other 
in the northwestern part of Wayne. The two forks unite 
soon after entering Appanoose county and form a rather large 
and important stream. c This river has, in this region, fre-
quently cut through the drift and often to a considerable dis-
tance into the coal measures. Important exposures occur 
along its banks. 
The valley of the Chariton is quite wide. From the high-
land near Udell to the highland east of Centerville is about 
six miles. The bottomland itself is often of considerable 
extent. Near Sedan and from there to Dean and beyond the 
flood plain stretches out nearly two miles east of the river. 
A considerable portion of this region is occupied by a shallow 
lake or marsh. Similar, though sma1lfgrl ~~l,\:E:?E? o<;<;~r a:t <?t4~r 
points along th.e stre~IP-! 
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~ 
The Chariton is .the most easterly of the small group of 
rivers which flow down over the nose of the divide between 
the Mississippi and Missouri. East of it, with the exception 
of a few minor streams in central Missouri, the creeks ~nd 
rivers turn toward the Mississippi and flow into that river. 
above the mouth of the Missouri. In the upper portion of 
its course the Chariton has the same general direction as this 
group of rivers, but as it leaves Iowa it turns due south and 
follows the divide from that to the Missouri river, which it 
reaches near Glasgow. A few rivers lying west'of it take the 
same general course, but within a short distance the drainage 
runs along the normal southwest lines to the Missouri. 
Within the county the river receives a number of tributar-
ies, the larger ones being from the west. From the east the 
branches received are small and rather unimportant. Honey 
creek flows in in Chariton township, Buck creek in Walnut 
township, and Indian and Long Branch in Wells township. 
Big Walnut is the main tributary from the west; this stream 
rises "in Wayne county, flows north and east an9- empties into 
the Chariton near Dennis. Near its mouth it receives Little 
Walnut. 
Cooper cre~k is also a rather large and important creek. 
It rises in Wayne county near Seymour and flows into the 
Chariton' northeast of Centerville. Near Centerville it 
recei ves Hickory creek from the north. 
The southwestern part of the county is drained by Shoal 
creek and its branches. The main branch rises in Wayne 
county and flows east, then south, then' east again to the 
Chariton river in Putman county,Missouri. 
ORIGIN OF PRESENT PHYSIOGRAJ;>HY. 
The origin of the present topography of Appanoose county 
is a matter of some doubt. It seems clear that the present 
valleys are entirely the res~lt of river action. There are no 
faults, folds or other structural featul~es which have deter-
mined them. It is also I?l'Ql;)~b,l~ that the upland drift plains 
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have not been essentially modified since the ice of the 
glaciers melted away. At several points shafts or borings 
upon these plains indicate that the underlying rock surface 
is quite irregular and that the present surface features are 
largely a result of the filling in of these irregularities by the 
drift. At the same time it is clear that the valleys of the 
Chariton river, Walnut, Cooper, Soap, and other creeks, 
including all the more important and many of the minor 
streams of the county, flow in what are essentially preglacial 
channels. At many points along these streams undisturbed 
drift is found in their valleys; while shafts, borings or wells 
show that the coal measures rise in the bordering hills some 
distance above the water. 
At many points the streams flow over drift, and apparently 
the river valleys have at some time been deeper at these 
points. At others, while the channels are evidently pre-
glacial, there is no evidence that they were ever of any great 
depth. Walnut creek, near Mystic illustrates this well. The 
rivers do not altogether follow their preglacial channels, nor 
are all the preglacial channels occupied by present rivers. 
In Douglas township (Tp. 70 N., R. XVII W., Secs. 33 and 
34) three diamond drill borings, carried to depths of 47, 76 and 
120 feet respectively, show nothing but drift. The exact 
elevation of this land is not known but it does not differ 
greatly from equally high ground upon which, coal measures 
occur at much less deptns. At Dennis the coal measures are 
exposed in the bluff of the river to a height of more than 25 
feet. Back on the bluffs (Sec. 7, Se. qr.,· Sw. i) a hole 135 feet 
deep failed to go through tile drift. Running from this p~int 
south and passing east of Forbush is a buried channel in 
which bore holes, 100, 95, 105 and 124 feet deep, ha~e failed 
to touch bottom. On each side of this Ghannel coal is found 
at depths of 49,65, 67, 14 and 52 feet. The-mine at Forbush 
is 65 feet .deep. Only a portion of this depth is in drift, and 
yet a short distance southeast (Tp. 69 N., R. XVII W., Sec. 18, 
Sw. gr" N~. t) a Qor~ h()l~ lQQ fe~t (leer on lower ground failed 
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to pass through the drift. The Chariton river, 'in this portion 
of its course, has evidently been thrown far out of its old 
channel. The depth to the bottom of the old channel is not 
known, but it is estimated that the present river is at least 
100 feet above the old river bed. Its location, so far as 
known, is marked on the geological map accompanying this 
report by the absence of the usual coal seam. 
At many other points in the county buried channels have 
been encountered. Such a channel lies between the Lod-
wick and old "Sandbar" mine at· Mystic, another was 
encountered in sinking the Gladstone shaft northeast of 
Jerome, and Winslow* mentions a similar channel at Lucerne, 
Mo. These preglacial channels are quite trou.-.blesome in min-
ing operations in the region surrounding Pearl City. At 
Moulton the drift is known to be of considerable thickness. 
Possibly this is due to the presence of an old channel. . 
It would seem that while the major and many of the minor 
features of the present topography had their origin in pre-
glacial time, there have ·been many and impor~ant changes 
in the positions of the rivers since; and that the drainage level 
was at one time at a considerably lower 'plane. The deeper 
channels are not always, perhaps are rarely, followed by the 
present rivers. 
Any explanation of the origin of these rivers must not 
require any great degree of long-continued stability, bllt must 
take into account the very great changes in the direction and 
position of the streams which occurred during the glacial 
period. Except for this fact the explanation gi ven by Tiltont 
for the rivers of Warren county would seem to apply equally 
well for those of Appanoose county; the Chariton being then 
'regarded as a subsequent, and Walnut and Cooper creeks as 
obsequent streams. This would, however, appear to imply a 
much greater degree of stability in the drainage lines than 
" can, in view of the facts presented by this immediate region~ 
be conceded. Later studies may remove this opjeotion. 
*Prelim. Rept. on Coal, 110. Geol. Surv., p.58, Jefferson City, 189l. 
tJqWf\. G\lol. S1l!v. Vol, V, :pp. 31O-3~3. :pe~ ~oines, 1896, ' 
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, 
However much older the present topography may be, it is 
certain that in many of its most minute details it was devel-
oped before the loess-silt was deposited. The latter deposit 
is shown in many railway cuts and exposures mantling an. 
older drift surface, ·and in very many. particulars this older 
surface has the same form as that now existing. This is well 
shown in cuts near Moravia in which the dividing line between 
the drift and· the loess-silt is conspicuous. This line is in 
most instances approximately parallel to the contour of the 
present surface; though the loess-silt is usually slightly.·· . 
thicker on the. crest of the divides than farther down t~e 
slope. 
STRATIGRAPHY. 
Geological Formations. 
The formations of Appanoose county belong to two differ-
ent periods. The indurated rocks represent the Des Moines 
terrane of the coal measures, and the overlying unconsoli-
dated beds are referred to the Pleistocene. The following 
classification shows the taxonomic rank of the strata present. 
Classl&cation of Formations. 
GROUP. I SYSTEM. SERIES. ! STAGE. SUB-STAGE. 
I 
Recent. Alluvium. 
Cenozoic. 
I . 
Pleistocene. < Loess-silt. [ 
Glacial. 
Kansan. Drift . 
. 
Chariton. .. 
Paleozoic. Carboniferous. Upper. Des Moines. C{)nglomerate . 
. Appanoos~ beds. 
CARBONIFEROUS. 
The Carboniferous st"rata of the Mississippi valley are divis-
ible into two great series; the Lower Carboniferous or Missis-
sippian· series and the U pper Ca..r"bQniferou~ or Pennsylvanian 
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series. The rocks of the latter alone outcrop within the 
district under consideration. The Saint Louis limestone, 
which is, in Iowa, the topmost member of the Mississippian 
series, is exposed along the Des Moines river near Ottumwa 
and in the vicinity of Eldon. At Ottumwa it lies at an eleva-
tion of about 680 feet. As shown in the cross-section along 
the Chicago, Milwaukee & Saint Paul railway, the rocks have 
a gentle dip to the southwest of about ten feet per mile. If 
this dip is constant, as seems probable, the total fall between 
Ottumwa and Centerville would be about 220 feet. If to this 
be added the difference in altitude between the highest out-
crops of Saint Louis 'near Ottumwa and the railway station at 
Centerville, 137 feet, the distance to the top of the Saint 
Louis at the latter point would be about 357 feet. Near 
Cleveland, in Lucas county, borings have shown that the 
Saint Louis lies much nearer the surface than is compatible ' 
with the hyphothesis of a simple, regular, southwestern dip. 
While the surf~ce of the Saint Louis is known to be exceed-
ingly irregular, it is not thought that these ~rregularities 
alone will account for the nearness to the surface of the Mis-
sissippian rocks in western Lucas county. It seems much 
more probable that in this.immediate vicinity the southern 
component of the dip is more important than the western. If 
this be true, the depth to the Saint Louis at Centerville would 
be importantly increased. 
In the deep well put down at Centerville some time since 
the upper su;rface of the Lower Carboniferous, as pointed out 
by Norton, * was not well marked. So far as the samples 
show, it might be at almost any depth between 500 and 1,240 
feet. In the well put down in the summer of 1895 it is 
thought that the Lower Carboniferous was encountered at 
about 600 feet, though the exact depth cannot be told without 
a much fuller examination of the drillings. 
The importance of the location throughout this region of 
the upper surface of the Saint Loui~ ~ri~es from, the fact that 
*lowa Geol. Surv., IV, page 174. 1895. 
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limestone marks the base of the coal measures. Throughout 
the region north and east of Appanoose county the coal meas-
nres are almost entirely free from. limestone, so that in pros-
pecting it is comparatively easy to tell where the drill passes 
into the lower rocks. The lithological change which the 
Lower Carboniferous undergoes to the southwest, whereby 
the heavier limestones, seen at the surface in Wapello, Van 
Buren and neighboring counties, are replaced by shales and 
thin-bedded limestones, * introduces a new element of difficulty 
and uncertainty into all deeper prospecting in this region. 
This conclusion rests,' however, upon comparatively slight 
evidence, and it is possible that later borings may show dif-
ferent results. For the present, it must be considered prob-
able that the base of the coal measures is within about 600 
feet of the surface at Centerville, and that it probably lies at 
a considerably less depth at points in the northeastern por-
tion of the county. 
UPPER CARBONIFEROUS. 
The Upper Carboniferous is the great coal-bearing series 
of the continental interior. It is divisible in Iowa into two 
members-an upper, the Missouri stage, and a lower, the Des 
Nloines stage. The strata of the Upper Carboniferous repre-
sents a continuous sequence. There is no absolute dividing 
line between the shore-laid deposits of the Des Moines and 
the maritime beds of the :Missouri formation. The relations 
between the shore and open sea deposits are particularly 
intimate in the regjon under immediate discussion. The dif-
ference, however, between open sea beds of the more typ.ical 
exposures of the Missouri terrane and the shore deposits seen 
in typical areas of the Des Moines terrane is quite ~triking, 
and the division of the Upper Carboniferous into two stages. 
is of the highest practical utility. The -dividing line between 
the two is at the base of the Winterset limestone of Iowa, 
which is probably, continuous with the Bethany Fall~ lime 
stone of Missouri. ' . 
*See Norton; OPe cit, 
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The beds of Appanoose county afford excellent illustrations 
of the fact that the· minor differences in faunas are due to 
local conditions of life, which conditions may now be inferred 
from the character of the strata then laid down. Certain 
. forms present in the thin limestones of this county occur much 
more abundantly in the later beds of the Missouri terrane, 
not so much because the beds are l:1k:r as because they are 
limestones, and hence were formed under marine conditions. 
The fossils found in the limestones of the region indicate 
close relationship between the Appanoo:=e beds and the 
MissourI formation. In the interbedded shales, however, 
forms characteristic of the Des Moines strata are found, and 
the fact that the beds are below the Winterset limestone 
nece~sitates their reference to the Des Moines formation. 
DES MOINES STAGE. 
As has been stated, the indurated rocks of Appanoose 
oounty are below the Winterset limestone, and hence belong 
to the Des Moines terrane. They include representatives of 
both the groups of strata formerly known as the lower and 
. middle coal measures. Practically, the entire county is cov-
ered by beds formerly referred to the latter group. 
The typical strata of the lower coal measures are exposed 
and mined at Foster, in' :Monroe county, just beyond the 
limits of Appanoose. The only beds referable to this group 
known to be exposed in Appanoose county are on Little Soap 
creek in Udell township (Tp. 70 N., R. XVI W., Sec. 32, Sw. 
qr.). At this point there is by the side of the road about 
twenty feet of very sandy shales, with a three-inch band of 
good sandstone near the base. 
These lower coal measures are marked throughout the 
state by great irregularities in the thickness and lithological 
chal:a,cter of the individual strata, as well as by the presence 
of numerous thick though discontinuous seams of coal. They 
represent the more common facies of the Des Moines terrane. 
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APP ANOOSE BEDS. 
A less usual or perhaps wholly anomalous facies of the Des 
Moines formation is seen in the beds underlying the greater 
part of Appanoose county. These beds form a group of 
strata which, for practical convenience in description, may 
be called the Appanoose beds. Taxonomically the Appanoose 
beds are a sub-stage of the Des Moines terrane. They are in 
many important particulars sharply set off from the remain-
ing strata of the Des lYIoines stage. 
The Appanoose beds contain the Mystic coal and related 
strata. Among the latter are certain limestone bands known 
]'IQ. 54. :Fifty-foot limestone in railway cut near Rathbun. 
locally as the" floating rock," "fifty-foot limestone," "sev~ 
enteen-foot limestone," or "little rock," the "cap rock" 
and the "bottom rock. " Throughout the region these lime-
stones maintain their normal sequence. In certain cases the 
• 
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rocks run together; at points some of them may, as a result 
of present or preglacial erosion; be absent~ In the latter 
,-
case they are of course found wanting from the top down-
ward. The uniform presence and remarkable regularity in 
the character of these limestones, features shared by the 
coal seam aswell, are what give the wholly anomalous char-
acter to the Appanoose beds. 
The following recorde of diamond' drill borings will give an 
excellent idea of the order arid character,of the ,different beds. 
These records are chosen: from a large number made under 
the direction of Messrs Clarke,&Peatman of Centerville, and 
kindly furnished by them. The agreement which, maybe 
noticed between these records is characteristic of the whole 
uumber of the borings. Numerousadditionafborings, shafts 
and natural exposures, show that the same sequence obtains 
tliroughout the county and over a considerable portion of the 
surrounding area. 
26 . 
25. 
24. 
23. 
22. 
21. 
20. 
19. 
18. 
17. 
16. 
15. 
14. 
13. 
12. 
11. 
.. 10 • 
9. 
8. 
7. 
6. 
BORING· No.1. 
(Tp. 69 N., R. XVII W , Sec. 19, Sw. qr, Ne. t). 
, ' 
. Surface dirt _______________________________ _ 
FEET. INCHES. 
2 
. . 
Yellow clay _____________________________ .,. __ J2 
Limerock __ ' ___ :._ ~_~ ______________________ _ 6 
Shale, argillaceous, blue _____ ~ ___ .:._:. __ .: __ ~_ 4 
Shale, argillaceous, gray ___ ~~_~ ______ . ___ ~ 16 
Shale, gray _. __________ . ___ ._. ___ ._ • __ ~._._ 14 
Limerock ______ ~ ___________ , ______ ._~ __ ~ __ ~_ 4 
Shale, argillaceous, blue __________________ _ 7 
Limestone ____ ~ _______________ ~_~ __________ _ 1 
Shale, blmL ________ ~ ~ __ -' _________ ~ ________ _ 4 
Limestone ____________ ~ _____ ~~ _____________ _ 2 
Shale, bituminous _________________________ _ 2 3 Coal _______________________________________ _ 
2 5 
Clay _-: __________ -,_' _____ . ___________________ _ 3 
Coal _______________________ . ________________ _ 10 
lPire clay ______________ ~ ____ ~ ______ --~------ 3 
Shale, argillaceous, blue __________________ _ 7 
Shale, gray, hard _________________________ _ 12 
JLimestone _____________ ~ ___________________ _ 1 
Shale, black~ ___________ ~ __________________ _ 3 
Shale, gray ________________________________ _ 3 
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FEET. INCHES. 
5. Shale, blue_________________________________ 5 
4. Limestone__________________________________ 2 
3. Shale, gray ________________________ . __ . __ .__ 3 
2. Shale, black________________________________ 3 
1. Shale, gray_________________________________ 8 
This boring is of exceptional interest in a few particulars. 
In it the coal is much thicker than is usual. The cap rock is 
apparently divided by a bed of shale (No. 17). The clay 
between the coal and the bottom rock (No.8) is of more than 
usual thickness, though it is probable that a portion of the 
shale (No.9) in reality belongs with the bottom rock. This 
boring is one of the very few which hav~ been carried to any 
considerable depth beneath the coal, and is of particular 
value in indicating that the same regularity of structure 
which is found above the coal obtains, for some distance at 
least, beneath it. The presence of black shales beneath the 
coal bed now worked indicates the probable presence of coal 
horizons. 
BORING No.2. 
(Tp. 69 N., R. XVII W., Sec. 17, Nw. qr., Nw. t.) 
FEET. INCHES. 
27. Surface dirt .. _______________________________ 2 
26. l{ello\v clay________________________________ 5 
25. Sand ______ ._______________________________ 2 
24. Yellow sandy clay __________________ • _ ____ 10 
23. Boulder~ ________________________ :... ___ _ ____ _ 6 
22. l{ellow sandy ciay ___________________ .______ 12 
21. Boulder ___________________________________ _ 6 
20. Yellow sandy clay ____________ ______ _ ___ ____ 9 
19. Blue clay ______ --~ ____ - ______________ ._ __ _ _ 9 
18. Boulder ___________________________________ _ 6 
17. Blue clay _____________________________ . ____ 1 
16. Sand ____________________________________ .- 1 
]5. Sandy clay __________________________ ~______ 8 
14. Sand_______________________________________ 2 
13. Sandy clay______________________________ __ 11 
12. Limestone _____________________ c_______ ___ 1 
11. Shale, arenaceous _____________ :.. __________ 21 
10. Shale, gray________________________________ 3 
9. Shale, argillaceous_ ___________ _______ ______ 6 
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FEET. INCHES. 
8. Limestone _________________________________ 4 
7. Shale, gray ________________________________ 15 
6. Limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
5. Shale, bitumino~ls_ _ ____ ____ _ _ _ _ __ ____ _ _ __ __ 3 
4. Coal_~______________________________________ 1 2 
3. Cla.y __________________________________ . ___ 3 
2. Coal ___________ , ______ . _ ______ ____ __ ____ ____ 5 
1. Fire clay _______ ._~----- ______ . _______ ._____ 1 
. This boring shows an unusual thickness of drift and a less 
than usual thickness of coal; the difference in the latter being 
in the lower bench. 
BORING No.3. 
(Tp. 70 N., R. XVIII W.\ Sec. 35, Se qr., Ne. :t.) 
FEEl'. INCHES. 
20. Surface dirt________________________________ 11 
19. Yellow clay _____________________ ~__________ 2 
18. Sand _________________ , _____________ ._ ____ ____ 3 
• 17. Yellow sandy clay _________________________ 3 
16. Limestone ---~------- ____________ ._________ 5 
15. Shale, argillaceous ____ _ ____ ___ _____ ____ _ ___ 9 
14. Shale, gTay ________________________________ 10/ 
13. Sandstone, blue____________________________ 2 
12. Shale, argillaceous, blue__________________ _ 4 
11 .. Shale, gray ________________________________ 6 
10. Limestone __ ~______________________________ 1 
9. Shale, argillaceous_ ___ _ ____ ______ ________ __ 9 
8. Limestone _______ . _________ ,________________ 1 
7. Shale, argillaceous. ________________________ 4 
6. Limestone _________________________________ 1 
5. Shale, bituminous _______ -___________________ 2 
4. Coal_ ______________________________________ 1 7 
3. Clay ____ a ____ ._____________________________ 3 
2. Coal _______________ . _ _ _ __ _ _ _ _ _ _ _ _ ____ __ __ __ 1 1 
1. Fire clay __________________________________ .: 1 6 
In this boring the coal is shown in its normal thickness. 
The cap rock is again split by shale as noticed in boring No 1. 
BORING NO.4. 
FEET. INCHES. 
19. Surface dirt________________________________ 2 
18. Yellow clay________________________________ 10 
17. Yellow sandy clay _____ :. _____________ ._____ 6 
31 G Rep 
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FEET. INCHES. 
16. Boulder _____________ . ____ . ________________ _ 9 
15. Yellow clay __________ . ____________________ _ 11 
14. Boulder ____ -_. __ . - - -- --- ------ -- -- --.- ---- 6 
13. Sandy clay ________________________________ _ 8 
12. Sand ____ .---------- --------.---------- ---- 5 
II Sandy clay_ - _____________________________ _ 7 
10 Shale, argillaceous, gray __________________ _ 20 
g, Limestone _____ . ______ - -- ___ - --.- - _ - _ - _ - _ - __ 2 
8. Shale, blue ______________________________ _ 14 
7. Coal ______ __ - - - - -- - - - - -- -- - - - - -- - - - - -" - - - - - 9 
6, Clay ______________________________________ _ 2 
5, Coal ________ . ____________ --------- ------ __ 10 
4. Clay _ . ____________________________________ _ 6 
3. Coal _ - - -- __ - - - - -- - - - - -- -- - - -- - - - - - - - - - - - - -- 8 
2. Clay _____ . __ . ________ ---- _________________ _ 10 
1. Fire clay ______ .. ___ -_________________ - _____ _ 1 
This boring is not far from the Chariton river, and the 
thickness of the drift is indicative of the former greater width 
of the valley. The cap rock is probably represented in No.8, 
not ha ving been distinguished from the shale. The most 
unusual feature shown by the boring is the division of·the 
coal by two mud bands rather than one, and the wholly 
exceptional thickness of the lower band. Such a lower band 
is known at numerous points, but is usually of insignificant 
thickness. 
These borings show fairly well the normal sequence of 
strata as found jn this county. From a study of them and 
numerous shaft records and exposures, the following some-
what generalized section has been made out. 
17. Limestone, gray, sub-crystalline, seen in the 
railway cut near Anchor No. 1 mine at 
Centerville, and known among the miners 
FEET.' INCHES. 
as the "floating rock" _____________ .2to 4 
16. Shale, argillaceous, color variable __ ~--12 to 30 
15. Limestone, heavy ledges, exposed along' 
Manson branch and Cooper creek at Cen-
terville, as well as at numerous other 
points in the county, the" fifty-foot lime-
stone" ______________________________ A to 10 
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FEET. INCHES. 
14. Shale, argillaceous, blue and· red in color___ 14 
13. Shale, arenaceous, frequently forming a well 
defined sandstone, as in boring No.3 
(No. 13), and the Rock Valley shaft ____ . 8 
12. Shale, argillaceous blue to gray ___________ 10 
11. Limestone, somewhat variable in thickness; 
exposed along the C., M. & St. P. railway, 
between NIystic and Brazil, known as the 
." seventeen - foot limestone" or "little 
rock" _______________________________ 1 to 3 
10. Shale, sometimes gray, frequently bitumi-
nous and pyritiferous___________________ 7 
9. Limestone, sometimes gray, and coarsely 
'sub-crystalline as at the Lodwick mine, 
Msstic; sometimes fine-grained, bitu-
minons, and grading into the shales, 
above and below, as at the Thistle mine, 
Cincinnati; known as the "cap rock," 2 to 4 
8. Shale, usually bituminous, and known as 
" slate;" occasionally in part soft and 
clay-like, then known as clod; at times 
heavy and homogeneous non-fissile, in 
which form it is known as "black 
bat" _______________________________ 1 to ., 
.J 
7. Coal, upper bench, usually ___________ _____ 1 8-10 
6. Clay parting "mud band" ________________ 2-3 
5. Coal, lower bench, usually_________ _______ 8-]0 
4.. Clay parting the" dutchman" _ _ _ _ _ _ _ _ _ _ _ __ 1-
3. Coal, frequently not so pm'e .___ ____ _____ 2-:3 
2. Fire clay ______________________________ I to 6 
1. Limestone, "bottom rock," well exposed 
along Walnut creek at Mystic__________ 3 G 
The details of this section may vary from point to point, 
but the general sequence remains the same over a considera-
ble extent of territory. It will be seen that the coal seam 
has several characteristics which make its recognition easy 
and the correlation of the various outcrops secure. The 
presence of the two mud bands, of which the upper is the 
more regular and conspicuous, with the limestones found 
above and below the coal, a,fford the best possible basis for 
correlation. To this is added a most remarkable uniformity 
in the physical character and general appearance of the coal 
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itself. The Mystic coal, * as it has been called by Keyes, 
from the excellent 'surface exposure occurring at that place, 
is thought to underlie, in workable condition, about 1,500 
square miles of land in Iowa and Missouri. There is also a 
considerable additional area which may be ultimately proved 
to be underlain by this seam. The area, as now known, 
extends over portions of Appanoose arnd Wayne counties in 
Iowa, and Schuyler, Putman, Adair and Sullivan counties in 
Missouri. 
The following seeiions, taken from widely scattered points 
in the field, show the close similarity between the exposures. 
(1.) Section measured as exposed along Walnut creek at 
Mystic, in the north central part of Appanoose county. 
FEET. INCHES. 
7. Limestone, massive, gray (seen in Lone Star 
drift) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 6 
6. Shale, bituminous __ ______________________ 1 
5. Coal ______________ . _____________ : ___________ 1 6 
4. Fire clay ________ .__ _ __ __ __________ _ _ ___ _ ___ 2 
3. Coal _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 
2. Fire clay ________ a. ___ a' ______ ._____ _____ 1 3 
1. Limestone _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 10 
(2.) Section as seen in a mine at Seymour, Wayne county, 
at a depth of 242 feet. 
FEET. INCHES. 
7. Limestone" cap-rock" ______________ ~ _____ _ 2 
6. Shale, bituminous ________________________ . 1 6 
5. Coal_. ____ . ____ :: __________________________ _ 1 6 
4. Clay ______________________________________ _ 2 
3. Coal ______________________________________ _ 1 
2. Fire clay __________________________________ _ 1 2 
1. Limestone bed-rock ______________________ _ .. 
(3.) Section examined In a mine at Centerville, A ppanoose 
county, at a depth of 150 feet. 
FEET. INCH'ES. 
7. Limestone ______________ ~ _________________ _ 
6. Shale, black _. ________ ._._. _____ . ___ "_.__ 1 
5. Coal -- .. ----. __ - ______ .__ ____ ___ _ __ _ ___ ____ 1 5 
'" Keyes: Iowa Geol. Survey, II, 408. 18940. 
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4. Fire clay _________________________________ _ 
3. Coal ______________________________________ _ 
FEET. INCHES. 
3 
1 2 
2. Fire clay ______ __________________ __________ 1 8 
1. Limestone _______________________________ _ 
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(4.) Section at Blackbird Coal company's shaft, two miles 
north of Unionville, Putman county, :Missouri. 
FEET. INCHES. 
7. Limestone) hard gray ___________ ~ _________ _ 3 
6 \ Clayey gray shales (clodl _____ - ------------
'1 Black fissile shale ________________________ _ 6-8 1 
5. Coal ________ • _______________________ • _____ _ 1 8-10 
4. Clay parting ____________ . _________________ _ 1':"3 
3. Coal ____________ .. _________________________ _ 10-12 
2. Clay ._____________________ _________________ 3 
1. Limestone . ________________________________ ~ 
(5.) Section of coal bed at Stahl, Adair county, Missouri.1~ 
FEET. INCHES. 7. Limestone __ ..:___ ______ _____________________ 1 10-12 
6 \ Clay (clod) --------------------. ------- ----
. 1 Black fissile shale ________________________ _ 
5. Coal ______________________________________ _ 
4. Clay parting ______________________________ _ 
1 Coal ------ .-- --- ------ ------ ----- - - --" ----3. Clav __________________ . ___________________ _ Coal ______________________________________ _ 
2. Clay ______________________________________ . 
1. "Bottom rock" ___________________________ _ 
1 
2 
1 
1 
1 
2-3 
6-12 
1-3 
1-2 
1-2 
4-6 
6 
The details of the strata found between the cap rock and 
the bottom rock are well shown in the following' section 
measured in a small mine in the southeastern part of Appa-
noose county. 
*Sections IV and V, taken from Thfissouri Geol. Sur., Prelim. Rep. on Coa1, pp. 56 and 61. 
Jefferson City, 1891. 
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F,EET. INCHES. 
9. Clay shale, gray, very hard , ___ :-_________ 2 
8. Shale, drab, clayey ("clod") _. _____ , ____ 1 2 
7. Shale, black, fissile ______ ______ __________ 1 
6. Coal _________________ ~___________________ 1 8 
5. Clay parting ______ ______________________ 2 
4. Coat _______ . ____ ~________________________ 10 
3. Clay parting, with pyrite________________ i 
2. Coal_____________________________________ 2 
1. Fire clay, gray ____________ ~------------- 2 
FIG. 55. Coal bed at the Troublesome mine. 
The total amount of shale overlying the coal is not usually 
so great. It is probable that the gray clay shale (No.9) in 
part represents the cap rock. 'rhe black fissile shale immedi-
ately over the coal, usually called" slate," is quite constant. 
The developm~nt of the clod is on the whole exceptional. 
The lower mud band (No.3) is known as "the 'dutchman, " 
and is 'usually pyritiferous. , The coal as a whole is quite free' 
from pyrite. It is clean, soft, though brittle, breaks with a 
conchoidal fracture, and gives bright, glistening surfaces. It 
is traversed by cleat planes filled with gypsum, which cause 
it to break readily into cu bical pieces, and it, is hence a 
, , block" coal. 
, The general character of the exposures of the Appanoose 
beds is illustrated by those occurring along the Charit<?ll 
river. These exposures together form plate xi. In detail 
they are as follows. 
(1.) *Exposure on the east side of Chariton river near run-
town (Tp. 67 N., R. XVI W., Sec. 16, Sw. qr., Sw.t). 
FEET. 
7. Drift _ ______ ______ ____ __ ______ ________ _____ _ ______ ____ 10+ 
6. Cap rock _____________________________________ ________ 2 
5. Mystic coaL ____________ -_~____________________________ 2t 
4. Fire clay _________________ -------- _____ , ______ ~_'_______ 4 
3. Bottom rock, yellow arenaceous limestone____________ 2t 
2. Blue clay shale _________ -_____________ :-________________ 8 
-1. Sandy shale __________________________________________ 10 
*On plate xi figure 1 is incorrectly drawn. 
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(2.) Exposure on the Chariton near preceding exposure 
(Sec. 16, Ne.qr., Sw. i). 
FEET. INCHES. 
6. Drift _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10+ 
5. Li.mestone, cap rock ._______________________ 2 
4. Mystic coaL________________________________ 2 8 
3. Fire clay _______ . _____ . ___________ . ______ --- 1 2 
2. Limestone, bottom rock _ ___ ________________ 1 3 
1.' Shales, in part sandy, in partc1ayey ________ 28 
(3.) Exposure on the west side of Cha.riton below Sedan 
(Tp. 68N., R. XVIW., Sec. 35, Ne.qr.). 
FEET. 
3. Yellow clay ____________________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 
2. Blue boulder clay ____________________________________ 18 
1. Talus of boulders containing large blocks of lImestone 8 
(4.) Exposure near the mouth of Snort creek (Tp. 69 N., 
R. XVII W., Sec. 9). 
FEET. INCHES. 
5. Drift _________________________ . _____________ 3 
4. Mystic coaL _____ ..: __ ____ __ ____ __ __ __ __ __ __ __ 2 10 
3. Fire clay _ __ __ __ __ _____ _ __ ___ _ __ __ _ _ ____ __ _ _ l' 2 
2. Limestone__________________________________ 1 
1. Shales, argillaceous, gray ______ ._------~---- 4 
There are a number of dump heaps in the vicinity indicat-
ing that the coal- has been worked for local purposes. A 
short distance above this creek is an exposure (No.5) show-
ing the normal sequence of coal and enclosing lim~stones 
covered by the Chariton conglomerate, which will be later 
described. 
(6.) Dennis 11i11 exposure (Tp. 69 N., R. XVII W., Sec . 
.'7, Ne. qr., Sw. -1-). 
FEET. INCHES. 
7. Drift __________________________ 00 __ __ _____ _ __ It! 
6. Mystic coal and slate_______________________ 4 8 
5. Fire clay __________________ . _ _______ ___ ___ __ 2 2 
4. Limestone _________________________________ -' 1 8 
3. Shales, arenaceous, green_________________ 6 
2. Sandstone, yellow, local____________________ 10 
1. Shales, argillaceous, gray__________________ 12 
• 
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The cap rock, and in some places some of the coal has been 
removed by the erosion preceding the drift. The exposure 
to weathering has caused the coal to swell up to·more than 
its normal thickness. 
(7.) Darby. At Darby the coal lies a few feet below the 
level of the river. The limestones outcropping in the vicinity 
belong to the upper series and their correlation may be seen 
in the section along the Milwaukee road. 
(8.) Near Little, Walnut creek (Tp. 70 N., R. XVIII W., 
Sec. 26, Sw. qr., Se. i) coal has been mined by shallow shafts 
and drifts. The sequence is normal, as shown by boring No. 
3 already given. There is a considerable drift covered inter-
val between the mouth of Little Walnut and the mouth of 
South Chariton. In the region near Milledgeville however, 
there are numerous exposures. 
About a mile southeast of the Milledgeville bridge (expos-
ure 9, Tp.70 N., R. XIX W;, Sec. 15, Ne. qr.) coal has been 
obtained by stripping in the bed of the stream. In the same . 
section is the following exposure. 
(10.) Exposure on Chariton nearMilledgeville·(Tp. 70 N., 
R. XIX W., Sec. 15, Nw. qr., Ne. t). 
FEET. 
2. Drift_ _ ____ __ __ __ ____ __ __ _ _ __ ____ __ ____ _ _ _ _ ___ _ _ _ ____ _ 10+ 
1. Shale, arenaceous ___________________ .' ____ _ _ _ __ _ __ ____ ]8 
A few rods farther up the stream a similar exposur~ eN o. 1) 
shows these shales to be covered by a three-foot bed of lime-
stone. Presumably the same limestone is seen in the river 
near the Milledgeville bridge (exposure 12). Above this 
bridge there are two exposures showing essentially the same. 
(13.) Exposure west of Milledgeville (Tp. 70 N., R. XIX 
W., Sec. 8, Sw. qr., Nw. i). 
FEET. 
4. Drift ___________________ ~ _____________________________ 20+ 
3. Black shale fragments________________________________ i 
2. Limestone ______ ---- _____________________ . ____ ~________ 3 
1. Shale, argillaceous___________________________________ 7 
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A short distance beyond (exposure 14, Sec. 6, Se. qr., Se. t) 
the same shales may be seen. 
The Appanoose beds, as defined above, underlie an of the 
southwestern half of the county and not improbably a con-
siderable portion of the eastern half. Except where removed 
by erosion, the strata are continuous and may be seen wher-
ever the streams have cut deep enough to expose them. The 
coal is extensively mined at Centerville, Cincinnati,Forbush, 
Brazil and along the C., M. & St. P. railway from Jerome to 
Darby. 
The valley of Walnut creek is one continuous mining camp, 
known under the different names, Jerome, Diamond, Mystic, 
Clarksdale, Rathbun. and Darby. At. :Mystic and Brazil, 
owing to the presence of a marked anticlinal, the beds are 
excellently exposed. At the former point the following typ-
ical section may be seen. 
FEET. INCHES. 
10. Drift _______________________ ' __ 12 
9. Limestone, heavily bedded, 
gray, fossilifel'ous. _____ . ___ 2 10 
8. Shale, bituminous, fissile_____ 1 
7. Coal ___ ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 6 
6. Clay parting . ______________ . _ 2 
5. Coal, with some pyrite near base _______________________ 1 
4. ~'ire clay ___ . ____ ----------- 1 6 
3. Limestone, heavily bedded, 
fossiliferous ________________ 2 10 
2. Shale, gray, clayey ___________ 11 
1. Shale, blue, clayey (exposed to 
water level)~---------~----- 4 
FIG. 56. Bluff on Walnut creek. Mystic. 
At Centerville the coal lies at a lower level. The fifty-foot 
limestone is exposed along Cooper creek and Manson branch. 
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The beds as measured in the Centerville Block Coal Co. 's mine, 
No.1, represent the average. 
FEE.T. INCHES. 
8. Shale, dark blue to black, with some pyrite _ 2 
7. Limestone, thinly bedded, fossiliferous _ _ _ _ _ 2 6 
6. Shale, drab, clayey ("clod") ______ . ________ 1 
5. Shale, bituminous, fissile_ ._________________ 8 
4. Coal ________________________________________ 1 7 
3. Clay parting ________________ .______________ 2 
2. CoaL _____________ . ________________________ . _ 1 2 
1. Fire clay (exposed) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 6 
FIG. 57. Base of Centerville block shaft, No. 1. Centerville. 
Four miles north at Forbush the coal is extensively mined. 
The following section measured in the Whitebreast mine No. 
19, gives the thickness at this point. 
FEET. INCHES. 
6. Limestone, gray to black, with pyrite in 
lower part _____________________________ 2 6 
5. Shale, gray to black._____________________ 1 
4 CoaL ___ ____ ______ __ __ ____ __ __ _ ___ _ ___ _ __ _ 1 5 
3. Clay parting _________________________ . ____ 2 
2. CoaL ____________________________________ 1 2 
1. Fire clay, exposed __________________ ~_ __ __ 1 6 
FIG_ 58. Coal seam at Whitebreast No. 19. Forbush. 
In the southern portion of the county the coal is mined "at 
Hilltown (see figure 55), near Exline, and at Cincinnati. At 
th~ latter place there are a number of mines reaching the 
coal at depths of from 60 to 160 feet. The Albert shaft, 
sunk in 1893, supplies the following representative. section. 
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FEET. INCHES. 
11. Drift_ __ ____ __ ____ _ _ _ ____ __ __ __ ____ __ ___ _ 57 
10. Shale, gray to black, varying in char-
acter and hardness _______________ _____ 22 
9. Limestone, thinly bedded, gray, fossilifer-
ous__________________ ____________ ______ 3 
S. Shale, black, with pyrite in parL___ ______ 7 
7. Limestone, gray, heavily bedded_________ 4 
6. Shale, black, fissile_______________________ 1 4 6. Coal _____________________ c________________ 1 8 
4. Clay parting ______________ ____ _ ______ _____ 2 
3. Coal______________________________________ 1 3 
2. Fire clay ________________________________ 2 
1. Limestone, hard, heavily bedded (exposed) 5 
FIG. 59. Section of Albert shaft. Cincinnati. 
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. Farther south, near Pearl City and Mendota, 110., the coal 
comes nearer the surface and is worked by drifts. 
At Numa the normal thickness of coal is found at depths of 
.145 feet and less. Near Livingston and northwest of Jerome 
it comes nearer the surface. In the northwestern part of the 
county and near Confidence in Wayne county the coal out-
crops at numerous points and is opened up by a considerable 
number of slopes and shallow shafts. The section at the 
Young mine is representative. 
FEET. INCHES. 
6. Limestone, gray, fossiliferous __ . _____ ~ _______ 2 6 
5. Shale, bituminous. ___________________________ 1 G 
4. Coal __________________________________________ 1 3 
3. Clayparting. _________ c_______________________ 2 
2. Coal ____________________________ . ___ . ____ ____ 9 
1. Fire clay (exposed) ______________________ . _ _ _ _ 2 
FIG. 60. Coal bed at Young mine. Milledgeville. 
East of Chariton river there are few exposures except in 
the immediate vicinity of Snort creek. Along Mormon creek, 
southeast of Moravia, at one or two points limestone ledges 
may be seen. N ear one such exposure (Tp. 70 N., R. XVII 
W., Sec. 1, See qr., Nw. t) deserted slopes and dumps indicate 
that coal has been found. On the land of John 11acyntire 
(Tp. 70 N., R. XVII W., Sec. 2, See qr., Nw. t) coal was 
formerly mined bQth by slope and shaft. In sinking the shaft . 
the drift was found to be eighteen feet thick, below this was 
a limestone two feet thick, and about sixteen feet still lower 
down and just above the coal, was a second limestone one 
foot six inches thick. The coal bed itself showed two 
benches separated by a mud band as follows. 
FEET. INCHES. 
3. Ccal ________ . ___________________________ ~ ____ . 1 6 
2. Clay ______________ ~_________________________ 4 
1. Coal_________________________________________ 6 
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Still farther northeast, at Foster in Monroe county, there 
is a coal seam, formerly worked by a slope and lying about 
forty feet above Soap creek. An examination of the slope in 
1893 showed the following section. 
4. Shale, argillaceous, drab __ . ________________ _ 
3. Coa.l, weathered _________ ~------------ _____ _ 
2. Clay _____________________________ ~ ________ _ 
1. Coal _______________________________________ _ 
FEET. INCHES. 
2 
2" 3 
7' 
? 
Miners who h~ve worked this bed declare that No. 1 of the 
above section, is coal and runs from nine to ten inches thick. 
They also state that the clay is usually somewhat thicker 
than shown at this exposure. In a small ravine near by there. 
is a limestone bed resembling in appearance- and fossils the 
fifty-foot limestone of the Appanoose beds and lying at .th~ 
proper distance above the coal. While in character this Soap 
creek seam is somewhat different from the Mystic coal, and 
while there are no good records of its presence between 
Darby and Moravia, the probability of its identity isconsid-
ered sufficiently strong to justify th~ representation of the two 
seams as the same. (See plate xiv.) 
There is one other area east of the Chariton in which there 
is a very strong probability, if not indeed a certainty, of the 
presence of the Mystic coal. U dell station on the Chicago, 
Rock Island & Pacific railroad lies on a level plain at an ele-
vation of about 1,000 feet. In the summer of 1894 Ideal par:-
ties did some boring in search of water. In all,four borings 
were put down with a churn drill; all being upon the platn 
referred to. In each, a seam of coal two and one-half to three 
feet thick was encountered at a depth of 175 feet. The drift. 
extended down to 150 feet and below this was gray shale and 
limestone to t~e coaL Immediately above the coal the drill-
ing .. was hard, indicating the presence of limestone. A few 
inches' below the coal a second rock layer was encountered. 
Sometime earlier a hole was drilled on lower ground about 
three miles southwest of Udell. Coal was reported in tbis 
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hole at a depth of seventy-five feet. These figures agree well 
with what a geological section along the Chicago, Rock 
Island & Pacific railway shows to be probable. 
It seems probable that_ the major portion of the county 
lying east of the Chariton was originally underlain by the 
Mystic coa.l. Probably that seam will be found still present 
under a part of the area.· A considerable portion of the 
region has, however, been subjected~ since the deposition of 
the coal, to erosive action of sufficient intensity to remove 
from large areas the coal and associated strata. This erosion 
was in two widely separated periods, the first being in Des 
Moines time and immediately preceding the deposition of the 
Chariton conglomerate, and the second occupying the very 
long period between the close of the Carboniferous and the 
advent of the ice age. 
CHARITON CONGLOMERATE. 
Along the Chariton river near the mouth of Snort cl'eek, a . 
small stream which is also known as Ullam's branch, there is 
a series of beds totally u~like those which are typical for the 
county and which have been called the Appanoose beds. 
This second and later series is, at present; known from a very 
few exposures only. Indeed the areal extent of the beds is 
almost unknown, though there is reason to believe that it is 
limited.' The typical section, exposure No. 5 of the Mystic 
rIver cross-section (Tp~ 69 N., R. XVII W., Sec. 9, Se. qr., 
Sw. i) shows the following beds. 
FEET .. INCHES. 
10. Drift _______________________________________ 10 
9. Coarse conglomerate. _______________ .______ 2 
8. Fine conglomerate ______________________ . _ _ _ 10 
7. Coarse conglomerate _______________________ 2 
6. Shale, blackfissile_~________________________ .8 
5. Limestone, cap rock ________________ ._______ 2 
4. Shale, black fissile _ _ __ __ ____ _ _ ____ ______ __ __ 1 
. 3. ~1ystic coal _________________________________ · 2 10 
2. Fire clay___________________________ _______ 1 6 
1. Limestone, bottom rock ___________________ 2 
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Strata 1 to 6 belong to the Appanoose beds, 7 to 9 repre., 
sent the Chariton conglomerate. The latter has a matrix of 
reddish, ferruginous sandstone in which are imbedded small 
water worn pebbles and brecciated blocks of gray, drab and 
white limestone. The latter were evidently derived from the 
cap rock and associated limestones of the AppanoGse beds. 
FIG. 61. Chariton conglomerate; coarse grained facies . 
. Aff' seen at this particular exposure the rock shows two 
facies, one fine-grained and tbe other coarser. The latter is 
the more typical and js represented in figure·61. The rounded 
water worn pebbles seen in this specimen and also illustrated 
35 G Rep 
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in figure 62 are of fine-grained, white to gray limestone, alid 
present all of the physical characteristics as well as the more 
usual fossils found in the immediately subjacent limestone. 
The pebble shown in figure 62 was dug out of the soft matrix 
of -the conglomerate. - Its form shows undoubted -water 
rounding. The weathering 6f the matrix and the pebbles is 
of course unequal, so that they are usually sharply con-
trasted. In addition to the rounded pebbles there are numer-
ous smaller sharp-cornered flakes of limestone, bits of crinoid 
stems, and broken pieces of brachiopods found in the con-
glomerate~ rrhe matrix is only in part arenaceous and is quite 
,FIG. 62. Pebble from Appanoose beds taken from Ohariton conglomerate. 
largely made up of earthy, magnesian limestone. In the fine-
grained facies this is ~particularly true. Swall particles of 
coal, having all the well marked physical properties of the 
Mystic seam, occur in the fine-grained beds. This fact, with 
the general character of the pebbles as well, would seem to 
indicate that at the time the conglomerate was formed there 
-were considerable inequalities in the surface, and. that the 
preceding erosion bad cut down into, i~ not through, the coal 
bed. 
The wide extent and uniform character of _ the Mystic coal, 
the numerous bands of limestone of more or less regular 
thickness, the presence in the latter of a pelagic fauna, the 
I 
I 
\ 
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total absence of cross-bedding, current action, and heavy 
sandstone beds, the thick deposits of infra-littoral clay and 
shale deposits, and the almost total absence of arenaceous 
material, except as disseminated in shales, all indicate that 
the Appanoose beds represent a period of extreme quiet, and, 
unless the coal seam itself be taken as the sole evidence to 
the contrary, a total freedom from shore conditions. This 
period of quiet and uniform disposition was evidently fol-
lowed by one during which the strata were elevated and 
eroded. The eroded fragments were gathered together and 
redeposited, making up the Chariton conglomerate .. That 
this later erosio~ and redeposition took place during the Car-
boniferous rather than at some later period would seem to be 
indicated by the intimate relation between the fragments in 
the conglomerate and neighboring ledges, the apparently 
local nature of the phenomena, the known presence of 
numerous other local unconformities in the coal measures, 
and the large number of crinoid stems and other Carbonifer-
ous fossils found in the conglomerate in such a fresh condition 
·as apparently to preclude the idea that they are not indi-
, . 
geIious . 
. In addition to the conglomerate exposure already described 
the rock is known only at two other points. In the quarry of 
Mr. Wm. Duval (Tp. 70 N., R. XVII W., Sec. 1, Nw. qr., Sw. t), 
the stone, showing the coarse facies only, has been opened up. 
The quarry is along a small rayine opening off of Morman 
creek. • The rock outcrops iifty to a hundred feet along the 
stream and shows a thickness of twenty-five feet or more. 
It lies at least fifteen feet above the stream. The rock shows 
the same characteristics that mark it at the typical exposure. 
The third known outcrop of the conglomerate is in Monroe 
county, about four miles south of Albia (Tp. 71 N., R. ~VII 
W., ~Sec. 3, Se. qr.). It has been quarried a little here, and 
used for foundation work at. Foster and neighboring towns. 
The probable position of this conglomerate in the Ottumwa-
Seymour section is indicated on prate xiv. 
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The uncertainty as to the extent of the erosion which pre~ 
ceded the deposition of the conglomerate, as well as that 
which preceded the drift, has made'it seem inadvisable to 
attempt to map' the areas east of the Chariton, which are 
underlain by the Mystic coal. Beyond the general proba-
bility" of its presence,'under a portion at least of the uplands, 
nothing can be stated. The actual delimitation of the coal-
bearing areas must be left to future prospecting." It is evi-
" dent that, with the large reserve 'areas of coal land west of 
the" river' yet UIitouched, it will be many years before the 
more problematic areas east of the river will be opened up. 
:The line drawn upon the map as marking the eastern limit 
of the Appanoose beds merely marks the limit of knownter-
. " 
ritory. The coal may, and at many points probably does, 
extend beyond"' this line. It is merely intended to indicate 
that south and west of the line as drawn there is every reason 
to believe the coal present under every acre of territory 
where ,the topographical configuration does not already show 
its absence - except over areas of limited extent, some few 
kno"wn, and more perhaps unknown, where it has been" 
removed by erosion or interfered wtth by faults. In Ca1d-
well township a considerable area has been mar~{8d as barren. 
Prospecting over apart of this area has been carried on by 
the different parties. One reported the coal absent in part, " 
though the limestones )\Tere present; the other reported the 
coal' pl~esent. Inasmuch as the exact limits of the barren 
area are not known, it bas seemed better to map the whole as 
doubtful. That is, the coal though prooably present over 
t;Dost of the area, may be found to 1)e absent at any point.' 
Geological Structure. 
FAULTS. 
Faults of two kinds interrupt the continuity of the coal 
seam within the area indicated. The first are true geological 
faults, and are known to -the miners as slips. Figure 63 illus-
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. trates one found in the Thistle mine 'at Cincinnati. The 
throw in a majority of cases is a few inches only, and these 
FIG. 63. Fault io. Thistle nUne. CinCinnati, 
slips offer no serious obstacles to mining. Akin to them are 
theclay-filled fissures, such as shown in figure 64. 
But one serious fault has been so far encountered in the 
field. This occurs in the Scandinavian mine and is illus-
trated in plates xii and xiii. The coal in the Scandinavian mine 
FIG. 54. Fissure in seam at Thistle mine. Cincinnati. 
shows, the usual characteristics. There was no indication in 
the earlier workings of the presence of a fault. . In working 
south and east, however, it was found that the coal was cut 
off, and later workings show that the direction of the faultis 
about as indicated on the map. Up close to the line of fault 
the coal was, at most points, uninjured. It did not show the 
" weathered surface so commonly found when the bed has been 
cut through by preglacial erosion, but was simply cut 
sharply off and replaced by limestone or slate. Since it was 
known that in the National mine, located to the southeast of 
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the Scandinavian, a fault of some description had at one time 
been encountered in the. west workings, a few bore holes 
were put down in the doubtful territory. Coal of the usual 
character and at nearly the correct level, was found at one 
point. A gin shaft was sunk, but when the drifting begun 
the coal was soon found to be cut off to the southeast. It 
was relocated and the tunnel driven across the entire fault to 
the new workings. 
In the area beyond, the coal near the fault is badly broken; 
but the rooms driven south and east show good coal. The 
map, plate xii, shows the condition of this portion of the mine 
in August, 1895. It will be noticed that the fourth east has 
been driven nearly 150 feet beyond the point at which it 
might be expected that the fault would appear. This indi-
cates that the fault has either run out or changed direction. 
The latter is quite possibly the correct hypothesis, though it 
has been believed that the absence of the usual coal seam in 
the two deep wells put down northeast of the Scandinavian 
was due to a prolongation of this line of disturbance. 
In working the Standard mine a "fault" was encountered 
about 1,000 feet north of the south line of their lease, and 
running east a?out 1,000 feet. At this point it turns to the 
northeast and continues to the line of the unoccupied eighty 
acres east of the Standard lands. It has not been traced 
beyond this line. Alo:t;!-g this fault, which cannot now be 
examined, the roof is reported to be poor, the coal soft and 
in places replaced by white clay. No sticks or stones, the 
usual signs of preglacial erosion channels, are< reported. 
Near the Keokuk & Western depot a local mine, now aban~ 
qoned, is said to ha~e struck a similar fault. 
These facts would seem to indicate that the Scantlinavian 
fault turns toward the east and is continuol:'s· with that 
encountered in the Standard mine, though in the absence of 
an opportunity to. examine the latter this cannot be stated 
certainly, and there must be some doubt whether after all the 
Standard "fault" is· not a preg laciaJ ~rosion channel. 
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I t will be noticed, from a study or the section along the 
tunnel at the Scandinavian 'mine, plate xiii, that there is no 
gain in altitude on either side of the faulted area .. There is 
merely a long, narrow block of strata that has dropped down, 
as if a broad crack· had opened out and allowed the strata 
along one edge to slip down into the opening. Essentially' 
the same thing in miniature is shown at the point where the 
fault is £rst entered by the tunnel. The slipping of the 
strata along the line A-B has pushed the block Cover 
against D and allowed the block E to drop into the resulting 
FIG. 65. Shales in pit of the Centerville Brick & Tile Co., showing disturbance due to 
Scandinavian fault. 
·crack. Hence a wedge of the cap rock occupies a position 
betwe~n two blocks ofeoal. The pressur~ of C against the 
lower portion of D has produc~d the anomaly of strata bend-
ing upward towards a down-throw fault. 
The amount of displacement is about fifty feet, as is shown 
by the presence of the fifty-foot limestone, F, beyond the 
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line of slip A-B. This limestone is recognized by its thick-
ness and character as well as by the character of the attend-
ant shales and the succession in which the various beds are 
traversed by the tunnel. 
The presence of a faulted area of this size, at least three-
'quarters of a mile long and 450 feet wide, and having a throw 
of fifty feet, is unusual in the Iowa coal measures. Indeed, 
this is believed to be the first clearly proven instance of so 
great a true fault. 
The time at which this disturbance took place is unknown. 
In the pits of the Centerville Brick & Tile Co. located on the 
same property, the disturbance shows in the overlying shales, 
as seen in :figure 65. 
It did not then take place until after the whole of these 
coal measures was deposited. Despite local belief to the con-
. trary, there are no topographic indications distinguishing the 
faulted area, . and the drift shows no disturban¢e over the. 
fault. It must then have preceded the ice invasion. 1Iore·· 
than that it is impossible to say. 
NUMA DOME. 
The Appanoose beds have a general dip to the southwest. 
This is on the whole about ten feet to the mile, and is in a 
general way. conformable to the upper surface of the Saint· 
Louis, It is interrupted in this county by a broad, low anti-
clinal, or more probably dome-like structure, which is crossed 
nearly at right angles to its greatest length by the section 
fr0m Ottumwa to Seymour. It is quite possibl~ that this 
• dome should be represented upon that section as exte~",ding 
farther west, and that the resulting dip to Seymour should be 
greater. Since, however, the data for the exact amount of 
this western expansion are not at hand, it has not oeen rep-
resented. Toward the north, along the Chariton river, the 
anticlinal seems to die out, or possibly bears off to the north-
west. Southward it is quite apparent. 
At Numa the coal is about 90 feet higher than at Center-
ville, while at Seymour it is something more that 100 feet 
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lower. At Cincinnati the coal is about fifty feet above the 
same seam at Hilltown, directly east. These various levels 
show the presence of a broad low dome reaching its maximum 
elevation not far from N uma. 
DEEPER COAL SE AMS. 
The pi~esence or absence of deeper coal seams in this region 
is a matter of considerable scientific and economic import. 
The strata whieb lie below the Appanoose beds represent the 
more typical phases of the Des Moines terrane. This phase, 
in the regions north, east and south, contains numerous 
workable beds of coal usually of greater thickness than the 
Mystic seam but of more limited extent. In the _section from 
Ottumwa to Seymour (plate xiv) it will be seen that there are, 
between the Saint Louis and the Mystic coal, three horizons 
along which coal of workable thickness has been found, as 
well as one minor hOrlzonwhich may, or may not, show coal 
. of a thickness sufficient to be valuable. The lowermost of 
these horizons is 425 feet below the Mystic coal ang from ten 
to fifty feet above the Saint Louis. It is first seen in an 
exposure {No. 2} o~ Bear creek just south of the railway mile 
post 325 (Tp. 72 W., R. XIV W., Sec. 28). The section at 
this point shows the following beds. 
FEET. INCHES. 
11. Kansan drift sheet __________________ -' _____ 12 
10. Shale, gray, clayey _________________________ 30 
9. Limestone, bituminous _____________________ 6 
8. Shale, bituminous __________________________ 8 
7. Coal________________________________________ 1 
6. Shale, black, fissile_ ____ ____ ____________ ____ 13 
5. Limestone, bituminous _____________________ 3 
4. Shale, black, fissile ________________________ 4 
3. Coal ______ ._________________________________ 1 
2. Shale, gray_________________________________ 2 6 ' 
l. Shale j arenaceous ______________ ~----------- 25 
'" 
About two miles west is an e~posure (No.3) of sandstone 
covered by bjtuminous shale, probably representing the hori-
zon of the upper coal seam on Bear creek, and underlain by a 
coal bed which lies probably along the same horizon as the 
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lower coal seam at that exposure. This lower coal seam h~s 
been worked near Bidwell, by a number of small mines in 
which it is reported to be four to four and one-half feet thick. 
. A bed lying at about the proper level to be its' continuation 
has been reported in borings (No.5) at Appanoose~ 
The eoal worked at the latter place is about four feet thick 
and seems to represent the horizon lying 300 feet below the. 
Mystic coal, though it is here fifteen feet nearer the lower 
seam than usual. If the dip be regular, and there is no . evi-
dence at hand indicating the contrary, the coal at Appanoose 
belongs to the horizon worked at the Deep Vein niine (No.7) 
at Foster. Above it, at Appanoose, are two veins w~ich have 
their representatives at Foster in beds eight and thirteen 
inches thick. The thicker bed represents the horizon 150 
feet below the Mystic coal. How far west from F.oster these 
various beds continue cannot. be positively stated,but 
borings made between that place and Moravia during the 
summer of 1895, show that they are present for some distance 
at least. ' 
When the boring already referred to was carried' on at 
U dell, one hole was carried to a depth' of 300 feet. It is 
reported that it ended in a bed of coal which, while exact 
measurements can not be given, was certainly thicker than 
the upper vein. If the correlations already suggested be true, 
this lower vein at Udell would belong to the horizon 150 feet 
below the Mystic coal, though at this place it is a few feet 
above its normal level. 
In Putman county, :Missouri, there are two seams of. coal, 
one two feet four inches, and the other one foot six ir;'ches 
thick, which, according to Broadhead, * are stratigraphically 
. ] 05 aud 125 feet respectively below the Mystic coal. . Whether 
these beds extend in workable condition under the latter 
seam can only be told by drilling. 
So far but two bore holes have been carried through the 
:Mystic coal down to the Saint Louis within the area under 
*Geol. Surv. Mo., 1871HI., pp. 280-283. 1874. 
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consideration. Both of these were at Centerville. Of the 
former no complete record is at hand, though the lower por-
tion has been admirably worked out by Norton.* 
The drillers' notes for the second well down to the Saint 
Louis are as follows. 
FEET. 
19. Drift ________________ -_______________________ . _______ 90 
18_ I~ock ________ . _._ .. ___________________ -______ _____ 2 
17. Sha1e, variegated _________________________________ 18 
16. Rock _______ ~ _____________________________________ 2-3 
15; Shale _________________ -________________________ ._____ 8 
14. Rock______ ________________________________________ 5 
13. Shale ______ .. ____ .. __________ . _______ . ________ ---- 75 
12: Rock, fossiliferous limestone ____ ._____ ____________ -2 
11_ Sha~e, black to variegated. ________________________ 30 
10. Shale, arenaceous . ______ ~ ________________________ ~ 15 
9. Coal ___________________________________________ .__ Ii 
8. Shale, arenaceous ___________________ .:_____________ 74 
7. Rock _______ ~ ______________________________________ - 2 
6. Shale, variegated _________________________________ 170 
5. Shale, white ___________ .. _________ ._______________ 30 
4_ ·Rocke _________ .. __ . ______ . ________ :.___ ______ __ ____ 34 
3. Shale, variegated, a few thin harder bands________ 44 
2. Shale, arenaceous _____________ .___ ____ __ _ _ __ __ __ _ _ 28 
L Limestone .. ______ ~ ___ . ___________ . _______ .: ______ . 
This record is exceptional in that the upper portion does 
not show the normal succession of strata. It is merely 
inserted as of possible future value in connection with later 
drillings; no attempt can be made at its correlation. The 
only coal noted is at about 115 feet below the level of the 
Mystic bed and in that particular .the record agrees with the 
other borings and sections mentioned. The beds spoken of 
above as '"rock" are probably, in most cases at least, lime-
stone. Pieces from several of the hLyers greatly resemble 
the limestone ledges outcropping in the vicinity. 
_ In what haF' been said in regard to 19wer horizons, it must 
be born~ in mind that th.e lower coalhorizons of the Des Moines 
formation are characteristically non-persistent; and that it is 
not to be expected that coal; if present, will be uniformly 
*Iowa Geol. Surv., Vol. lIT, PD. 205-210. 1895. 
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distributed along any of them. The horizons indicatedsim-
ply represent planes .of greater probability, and the horizons 
150, 300 and 425 feet below the coal now worked, are consid·· 
ered as most favorable. In any event there al:e between the 
Mystic coal and the Saint Louis from 500 to 600 feet of strata 
'in which the prospects for finding coal areas good as in any 
unprospected territory in Polk Or Boone counties .. 
PLEISTOCENE. 
The PleIstocene beds of this region include representatives 
of the Kansan drift sheet, a loess-silt and certaiJ:l small areas 
. . 
of alluvium. The entire thickness of these beqs is not great 
except along lines· of preglacial drainage. At man~points 
the coal measures come to the surface and over large areas 
they are only thinly· covered by drift. This is not true, how-
ever, of ~he region east of the Chariton, for here the surface 
is heavily drift covered. I.ndeed the divide between the 
Chariton and the waters· of the Fox river and Soap creek is 
apparently very largely' a drift divide. At Udell ihedrift is 
150 feet thick. Near Moravia it is probably not much less, 
since the d.eep streamways in the immedlate vicinity of the 
town show no exposures of the indurated rocks. 
KANSAS DRIFT SHEET; 
The heavy drift or till beds of the county may be referred 
to the Kansan age. They are excellently exposed at ma~y. 
points and may be studfed in almost any ravine in the county .. 
Fundamentally this drift sheet is here, as· in regions farther 
north, a blue clay; but the upper portion is often' yellow or 
even reddish-brown. . Below, the drift is stiff and hard. Above 
it is more usually arenaceous, open and friable .. It contains 
a considerable amount of local material and bits of wood and 
·coal are not uncommon_, In digging the shaft at the Ancho~ 
mine No.2, the following section was passed through . 
. FEET. 
6. Surfaceclay _______________________ ~ __________________ 20 
. 5. Sand _________________________________ . _____ .;__________ 12 
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FEET. 
4. Conglomerate _____________________________________ ---- 1 
3. Sand ___________ ~ ______ ~______________________________ 4 
2. Blue clay ______________ . ___ ._____ ______ __________ ____ 20 
1. Indurated rocks _____________________________________ _ 
Numbers 2 to 5 inclusive may be referred to the Kansan 
drift. The blue clay here contained an unusual wealth of 
local material including wood, shales, limestone, pyrites and 
coal. No.4, probably represents a locally indurated gravel 
bed .. 
The boulders of the drift are usually of small size. Large 
- ) 
boulders are very infrequent. The rocks present are largely 
basic and show many planed and striated surfaces. rrhey are 
badly weathered and may frequently be easily crushed. Along 
-Shoal creek north of Cincinnati, and Manson· branch near 
Centerville, large numbers have been segregated by steam 
action. 
The upper surface of the drift, wpere it is covered by the 
- loess-silt is Iflarked bya zone of reddish-brown sandy material. 
It shows weathering action and .the loose open character of 
soil. Where the drift is not covered by lO,ess-like silt, this 
upper, weathered portion is usually blackened to a depth of. 
six to eight inches. 
LOESS-SILT. 
The upper surface of the drift is topographically, almost 
parallel to the present surface. Over a considerable portion 
of the county it is the present surface. In other portions the 
drift is covered by a later deposit of loess-like silt which, in 
character and origin, seems much like the white clays of the 
Ohio valley, as described by Leverett. * The loess-silt forms 
a mere veneer over the drift surface. It may be examined in 
the various railway cuts, particularly those near Moravia 
already mentioned. 
The d~posit caps the hill upon which the public square at 
Centerville is located and may be seen on the high drift plain 
between Cooper and Shoal creeks. As se~n at the former 
*Amer. Geblogist, X,18-U. 1892. 
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point it shows particularly well its clay-like features, as con-
trasted with the more open porous nature of the loess proper. 
The loess-silt is not everywhere present. At many points the 
coal measures themselves form the sUl'face rocks; at others 
the drift alone covers them. The loess-silt rests upon both 
coal measures and drift though more usually upon the latter. 
ALLUVIUM. 
Along the Chariton river and many of the minor streams, 
true alluvial deposits occur. The beds are characterized by 
a loose open texture, a normal sandy constitution, and a 
usual black color. They 3Jre usually of excellent agricultural 
capabilities except that certain portions of the broad flood 
plains need artificial drainage. In part the latter are subject 
to overflow. 
DESCRIPTION OF PLATES. 
PLATE XI. 
Sections exposed along the Chariton river. The number 
under each exposure refers t.o a corresponding number in the 
text. 
PLATE XII. 
Map of the Scandinavian fault. Drawn from the TIline map 
of Superintendent Claus Johnson. The shaded areas repre-
sent coal remaining. The land lines divide the area into 
forty acre tracts. The scale is about 150 feet per inch. 
PLATE XIII. 
Section across the Scandinavian fault. This section is 
based upon the exposures along the tunnel connecting the old 
'\ 
and new workings. r:ehe vertical and horizontal scales are 
the same-twenty feet to the inch. 
PLATE XIV. 
Geological cross-section, Ottumwa to Seymour. The num-
bers at the bottom refer to localities as follows: (1) Des 
1''Ioines river, Ottumwa; (2) exposure on Beal~ creek; (3) sand-
stone near Bidwell; (4) Bidwell; (5) Appanoose mine; (6) 
i5 i4 -13 12 
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Blakesburg; (7) Deep Vein Mine at Foster; (8) Chariton con-
glomerate; (9) Moravia; (10) Preglacial valley; (11) Iowa 
Central crossing; (12) Chariton riverat Darby; (13) M)'Etic; 
(14) Big Walnut creek; (15) Jerome; (16) Seymour. - The 
formations are referred to by letters as follows: (a) Saint 
Louis limestone; (b) Mystic coal with cap and bottom'rocks; 
(c) eighteen-foot rock; Cd) fifty-foot- rock; (e) floating rock; 
(f) Kansas drift; (g) loess-silt. The railway grade is repre-
sented by-acontinu6us black line._ 
ECONOMIC PRODUCTS. 
_ COAL. 
COAL LANDS .. 
The whole of Appanoose- county may be considered to be 
coal land since there is no portion of it which is not legiti-
mate ground for prospecting. The area, however, which is 
already known to contain coal is- somewhat less. T-he area 
underlain by ·the -¥ystic coal is, so far as -now known, 
delimited upon the accompanying map. It includes in all 298 
square miles, or 190,720 acres. The coal will average about 
two and one-half feet in thickness -for- the entire area, and 
upon the basis of 1,200 long tons per acre for each foot of 
thickness, should yield 3,600 short tons per acre. 
Estimates made - from the amount 9f royalty actually 
received show that near Cincinnati about 2,240 tons per -acre 
is obtained in actual mining practice. The work upon which 
the estimates is based represents average room and pillar 
work as carried on in the region. According to these figures 
only 62 per cent of the coal is hoisted. The Pennsylvania 
Coal Waste Commission estimated*that in the anthracite 
region of that state the coal won since the opening of the 
mines has been not more than 35 per cent. The important 
different3es in the thickness of the beds and the dIp of the 
strata in the two regions, as well as many other circumstances, 
are favorable to the Iowa field. 
*Rept. Coal Waste Comm., p. HB. Philadelphia, 1893. 
36 G Rep 
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Of the total area indicated as u:nderlain by the Mystic coal, 
about 18,457 acres is owned or leased by mining c0I?-panies or 
is beld as coal land. This includes 16,510 acres held by min-
ing companies and now under development, though of course 
not all of this area Can be reached by the shafts now opened. 
The areas held by the local mines are in only a few instances 
included, since such leases are in many cases not recorded and 
hence are not accessib] e. The leases held by these companies 
are for small areas and the sum would not greatly inorease . 
the figures given above. In addition to the 16,510 acres now 
being developed 1,947 acres are held as coal lands and taxed 
as such. The remainder of the region is held as farm land 
only; although of course a considerable portion is owned by 
people who will eventually open it up for mining. Accord-
ing to these figures a little less than 10 per cent of the known 
coal land of the county is now taken· up. A number of the 
companies own the land which they are developing. Others 
merely own the coal. Most of the mines are probably worked 
on leased ground. \Vhere the coal alone is bought it costs 
about $10 per acre, with the option of prospecting. Coal land 
already prospected usually sells for about $15 per acre. Over 
the greater portion of the region it is not now customary to 
prospect with any thoroughness, if indeed any drilling at all 
be done. Where the land is leased the royalty is 4, 5, 5t or 
61 cents per ton. Early leases were sometimes as high as 
12t cents. At 6t cents' the royalty amounts to from $125 to 
$150 per acre, with an average probably of $140 with ordinary 
room and pillar workings. The amount obtained under long-
wall working can not be stated. " 
CHARACTER OF MYSTIC COAL. 
The Mystic coal is a non-caking, free-burning' coal: It is of 
quite uniform texture, breaks in block form, and presents 
clean conchoidal sUTfaces. It is fragile and will not stand 
rough handling or long continued exposure. 
The following analyses may be taken as fairly representa-
tive except in tbe matter of moisture. The samples were, 
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unfortunately, unequally dried so that the moisture content 
should be neglected. As arranged these analyses show first 
the result as obtained from analyses; in the second column the 
analyses have been calculated on a dry basis; in the third 
they are calculated on a moisture basis of 7 per cent, which 
is about the average for Iowa coals. The analyses were made 
by Professor G. E. Patrick, chemist to the survey. 
ANALYSES OF MYSTIC COAL.' 
Thistle Mine, Cincinnati. 
Water __ -- -- ~--- ---- ---- __ ---- ------- ------- _ --- _____ .1 
Volatile combustible (by difference} __________________ _ 
Fixed carbon ________________________________________ _ 
·Ash __________________________________________ ' ________ _ 
Sulphur unoxidized ______________________ '- ___________ _ 
Sulphur in sulphates ____________ -, ____________________ _ 
Diamond Mine, C. B. C. Co. No 1 
Water ___ ' ____ ' ____________ . __ :.. _______________________ _ 
Volatile combustible (by difference)_, ________________ _ 
Fixed car bon _________ ~ _______________________________ _ 
Ash ______________________________________ ~ __________ _ 
Sulphur unoxidized ___ .. ____________________ ~ _____ ~ ____ . 
Sulphur in sulphates_~ _________ ' ___________________ .., __ _ 
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The coal is in demand for domestic purposes over a wide 
territory. Large quantities go to the' markets at Omaha, 
Sioux City and Sioux Falls, 'as well as numerous other points 
in Iowa; South Dakota and Nebraska. Some of the Iowa pro-
duct is marketed in Missouri and Kansas, though that terri-
tory is largely supplied by the Missouri mines. 
'While used to a considerable extent for steaming purposes, 
the main portion of the coal must always be sold for house-
hold use. It has never been used for gas or coke except 
experimentally. At one time the Diamond Coal Co. of Center-
,ville,now succeeded by the Centerville Block Coal Co., made 
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some crude experiments to determine the coking value of the 
coal. 1'he coal was burned in a surface heap and produced a 
rather light coke of good appearance but low strength. The 
experiment seemed to indicate that the lower bench was bet-
ter than the upper. Near Confidence, in Wayne county, the 
same coal has been coked. Here, as at Centerville, the pro-
duct was of low crushing strength. The coal is not a normal 
caking or coking coal. It does not melt and run tog~ther in 
burning; so that any coke made from it by ordinary burning 
would be of only moderate strength at most. It is possible 
that some of the newer ovens, by securing a deposition of the 
excess of volatile matter, might make a good grade of coke 
from the coal. If so, this .seam would offer an excellent 
opportunity for the development of a coke industry since its 
purity and regularity guarantee a steady supply of coal hav-
ing uniform coking value. 
MINING METHODS. 
There are three general plans of mine work in this region. 
The first is regular longwall, which is now used in some of 
the largest and best mines, and is being rapidly introduced 
throughout the region. The second is room and pillar, and 
the third is a modified form, developed in this region and for 
a time used largely in the smaller mines. It is known as 
semi -longwall. 
In room and pillar work in this field, as carried on in most 
of the mines by hand labor, the cross-entries are driven ·300 
feet apart. The pillars along the main roadways are usually 
twenty-four feet thick. The entries are eight feet wid~ and 
taken from cap rock to bottom rock. The rooms are 150 feet 
.. long and forty to fifty feet wide. In the summer of 1895 the 
scale of prices was as follows. 
R00ID work-
Coal to October 1st (screened) ________________________________ $ .70 
After October 1st ____ _ _ __ __ __ __ _ _ __ __ __ _ _ __ __ _ _ _ _ ____ _ _ _ _ _ _ __ .SO 
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Narrow work--Summer-
J[ardage ------------------- _____________________ ~------------ $ 1.10 
Lifting bottom and shooting- down top__________________ ______ .90 
Coal, per ton_ -- - - __ --- - ~ - _ - __ - - - _______ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ ____ .70 
Narrow work--Winter-
J[ardage -------------------__________________________________ 1.20 
Top and bottom --------__ - - ____ -_____ __ __________ __ ______ ____ 1.00 
Coal_ ------ ------ ____ -- --__ ____ ________ __ ______ __ ______ __ ____ .80 
There has been a change, and the prices paid are some-
what different. At the old price a yard of entry work in 
summer cost about $3.40, and in winter $3.80. 
In working with machines, as carried on in three of the 
mines of the Centerville Block Coal Co., the entries are driven 
ten feet wide and the cross-entries are run at distances of 
400 feet. The machines in use are the Legg and the Harrison. 
They are used mainly in driving entries and turning rooms. 
But little room work proper is done by them. Compressed 
air, at eighty pounds, delivered from a Norwalk compressor, 
is used. In entry driving and turning rooms the Legg machine 
does the under-cutting, and is followed by a Harr~son, which 
cuts the corners. The coal is then wedged down. 
The Legg macruneshave athreeandone.:.half foot bar, and 
are supposed to make a five-foot cut. They average, in actual 
work, four feet eight inches. Three cuts are made to an 
entry, each taking about ten minutes. The under-cut is five 
and one-half inches high. Two men are employed at.each 
machine. As quick as the under-cutting is done at one point 
the Legg machine moves on to the next and is followed by 
it Harrison, which cuts out the corners. The Harrison 
machine requires two men, a runner at $2.30 per day and a 
helper at $1.60. Each machine is expected to cut sixteen 
corners, the equivalent of eighty entry cuts per day, which 
would make the cost of each forty-eight cents. Very fre-
quently, however, as many as twenty-one cuts are made, and 
this reduces the average cost to about the figures given 
below. :Measurements of cuts made in actual work show 
lengths of 52, 52!, 61 inches each. In shearing, a cut about 
four inches wide is made. 
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One cut, or "rib," furnishes about three tons of coal and 
three cars of dirt. The dirt is hoisted and dumped in narrow 
work, but in room work is usually gobbed. 1:0. narrow wo:rk 
the two machines will make eight to ten entry cuts per day 
of ten hours, and keep from four to six followers busy. In 
wide work, where there are twelve under-cuts to a room, they 
make about thirty cuts per day and keep eight to ten men 
busy. A four-foot eight-inch cut on a ten-foot entry, ready 
for track, costs about as follows. 
Under-cut ______________________________________________________ ~ $ .24 
Shearing ________________________________________________________ .37 
Coal, three tons, at thirty-four cents _____________________________ 1.02 
. Brushing top __ : ________________________________ ---- -- -- -- ---- ___ - .84 
Total ____________________________________ ._ _ _ __ _ _ __ ___ _ ___ _ _ _ _ $2.47 
I 
I I 
I I J 
I .Gob~. I 
L~ ___ J 
In comparing these figures with hand labor it "must be 
remembered that a machine cut is forty-eight, and a hand cut 
thirty-six inches. On the other hand the machine must bear 
the cost of repairs, depreciation, interest, etc. 
In turning rooms two ten-foot doors are driven in fourteen 
feet, and then opened Qllt :;t,~ E?howp in the diagram above. 
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After the doorway has been cut in this distance, the room 
is turned over to the miners, who drive it forward by under-
cutting, shearing and. wedging, till the room from the oppo-
site cross-entry is met. The rooms are then left till that· 
portionof the mine is about to be abandoned, when the pillars 
are pulled! By that time, usually two years or more, much 
of the coal is not worth saving. 
In mineN o. 19. of the Whitebreast Fuel Co., located at 
Forbush, a number of different machines were formerly used 
in working the coal. As they were mainly used in en~ry 
driving, a change to longwall work made them unnecessary. 
Two Stanley headers were used most. These machines cut 
out. by bits a five-inch line around a circle five feet in 
diameter and bore a two-inch hole in the center; resembling 
in effect an immense auger. The machine moves forward 
about two feet, when a light charge of powder is used to 
bring down the coal. The machine is mounted on rails and 
driven by air at sixty pounds pressure. Three men are 
employed at each machine;. a runner, and front and rear 
loaders.' It makes in the Mystic coal an average of about ten 
. feet a day, though as high as fiteen feet have been made. 
Detailed 'estimates of cost are not at hand, but the superin-
tendent of the mine expressed himself as well satisfied with 
the results attained. In the same mine the Mitchell machine 
.was at oue time used to some extent. 
In the semi-longwall work no machines are used, and the 
method is itself being gradually superseded by regular long-. 
walL As seen in the Lodwick brothers' mine, the former work 
is about as follows. The usual cross-entries are driven at 
suitable distances along the main entry. The rooms are 
turned as usual with the exception. that no pillar is left 
between adjoining rooms. .As a result the work opens up as 
sho~n in figure 67. 
As the work moves forward each man mines forty feet of 
face with his roadway in the center. He builds his own pack 
walls and sets the timbers. The coal is cut under one and 
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one-half to two feet and held up temporarily by sprags.No 
powder is used, as the weight brings the coal down as fast as 
it can be used. 
The large number of mines in the district which have 
changed or are changing to. longwall workings makes the 
~. , I I I I I I I f I I 1 
.j I I I 
I I I ! I Gob t I ~o~ ___ J I r GolJ L _~ ___ :.-. ____ -1 
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success of a longwall machine a matter of some importance. 
The Peerless Coal Co. have been for some time experimenting 
on such a machine, but as the patents have not yet been 
allowed any description would be premature. 
MINES. 
~he Appanoose county mines are scattered throughout tbe 
southwestern half or the county. They are locl;i.ted on the 
accompanying map by numbers corresponding to the -follow-
ing descriptions. No attempt has been made to locate· all of 
the iocal banks, though it is believed that most of them 
appear on the map. The ease with which coal is obtained, 
and the small capital necessary for opening such a mine, 
make the number of country mines Q4ceptionally large. 
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These properties, however, change hands so frequently and 
are worked so intermittently, that an exact list is impossible. 
'CENTERVILLE BLOCK.COAL co· 
This company was organized in 1894 by the consolidation of 
several previously . independent . companies. . Other mines 
have been leased and a new one 9pened, until now the com-
pany has nine mines of its own, and in addition operates the 
National. 
. . 
Number 1 was formerly known as the Diamond No. 1. It 
is . just east of Centerville on the Chicago, Rock Island & 
Pacific railroad and has also a 'switch from the Keokuk & 
Western. The coal lies . at a depth of 138 feet and measures 
. . , 
. as'follows in a representative section~'- .. 
FEET •. INCHES. 
6. Cap rocklimestone _______ ~-------~---------- 2 6 
5. 'Clod ______________________ . __________ .___ ______ 1 
4. Slate _______________________ ~ ______ ~ ________ _ 
'. . 3. Cl~y _.., ____ . _________ ." __ ~ __ - ____ ,- __ . ______ . ~ ___ _ 
2 C ' l' 1 di" 0" "th D t· hm. " . . ~. oa, me u no . e u c an _______ ~- .. --
1. Fire clay _____ ~_~_~ ______________ -- ______ ~---
8 
2 
12 
, This Uline.is:partJctilarly well equipped.' ,The'plant includes 
a tail,rope' syste~,the usual hoisting pl::mt, and. a compressed 
air plant with a Norwalk ~4-20 compressor. In the mine 
three B arrison and four Legg machines are. in use. The 
machines are used principally on narrow work. The coal 
lies level except toward the north where a rather heavy dip, 
presum.ably local, hq,s been encountered. 
. . . , 
Number 2 is located at Numa just west of town. It is a 
shaft '140 feet deep and' was formerly the property of the 
Diamond Coal Co. 
. Number 3 was formerly known as the Relay mine and 
belonged to the Centerville Coal Co. It is a shaft .107 feet 
deep ..sunk in the valley of Cooper creek' between the Iowa 
Central and the Keokuk & Western railroads. The company" 
loads on both tracks. The. equipment is good. Legg and 
Harrison. machines are used as in No.1. It was near this 
mine that th~ old workings at Talbot's Mill, mentioned by 
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White, were located. At one time these workings were 
broken into by the Relay entries. In the Relay mine has 
. been encountered one -of the heaviest dips found in the field. 
In a distanDe'of 1,944 feet the coal rose thirty-six feet. 
Number 4 is located at Brazil, opposite the Phcenix. It. 
was formerly known as the Philby mine and is a slope, 
worked on the semi-longwall plan. 
Number 5 was originally known as the Hawkeye mine. 
La,ter It passed into the hands of the Walnut Block Coal 
Co., and eventually came into the possession of the pres-
ent company. It is a slope on the east side of the K. & 
W. at Brazil, and lies betwen the Phcenix and the Tipton. 
FIG. 68. l\fine No.9, Centerville Block Coal Co. Taken from the rear and showing boller 
house, tipple, engine room,etc. 
Number 6 was formerly known as the Silknetter mine. It 
is on the east side of the K. & W., northof the Phcenix. 
Number 7 is a slope mine at the K. & W. crossing, north of 
Brazil. Coal· is loaded on the Keokuk & Western railroad. 
The mine was at one time known as the Enterprise mine, 'ii-nd 
later as Walnut Block No.3 . 
. Number 8 (61) is a small mine just south of Number 3. It· 
was formerly known as the Richardson and the Ulrich mine. 
,The shaft is sixty-eight feet deep, starting well down in the 
valley of a tributary of Manson branch. The fifty-foot rock 
is exposed in the creek near the mine, and the cap rock, 
while absent at the shait,comes in a short distance away .. 
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The coal is -hoisted by horse power gin. The mine is now 
-operated by the City Coal Co. on a lease from the Centerville 
-Block Co. 
Number 9 is a new mine opened north of Number 3. It is 
on the Iowa Central raIlway down in the valley of Cooper 
-creek. The shaft is ~eventy-two feet· deep, the upper twenty-
two feet being drift. At the bottom a measured section 
showed. 
FEET. 
- 11. Cap rock ___________________________ -------- 1 
10. Clod. _____________________________________ _ 
INCHES. 
6 
7 
9. - Slate ______ -_____________________ ~ __ _ _ ______ 7 
8. Coal ________ ,_____________________________ 1 6 
7. Clay _______ -______________________ .. _______ ~- 2 
6. Coal~ ______________ • ______________________ _ 
5. Clay and pyrite; the "Dutchm.an" _______ _ 
4. Coal _..: _____________________ -_______________ _ 
12i 
1 
Ii 
3. Fire clay~ __ • ______________ ._______ ________ 1 2 
2. _ Bottom rock. _____________________ .,_._____ 10 
_ 1. Shale, soft, sandy _______________________ _ 
Farther in the mine the bottom rock is thicker. The fire 
• clay is usually also thicker though in the first south of the 
west side, it is, at one point, barely a foot thick. Near the 
afr shaft the clod disappears, and the slate is only about eight 
_ inches thick. The cap rock is more argillaceous and air-
slacks some. The thickness of the coal varies slightly as 
shown by the following measurements, being taken at various 
points in the mine. 
I. 
FEET. INCHES. 
3. CoaL_~ ___ ~ ____ ----------------~------------ 1 6 
2. Clay _____ -____ ,. ______ -'_____________________ 1-2 
1. Coal; to "Dutchman" ____________________ 1 2 
II. 
3. Coal_____________________________________ ___ 1 7 
2. Clay _____________________________________ _ 2 
1. Coal; to "Dutchman" ____________________ 1 
-. III. 
3. Coal______________________________________ 1 5 
2. Clay ----------0--------------------------- 2 
1. Coal; to "Dutchman"____________________ 1 3 
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IV. 
FEET. INCHES. 5. Clod _____________ .__________________________ 9 
4. Slate _ ______________________________________ 1 
3., CoaL________________________________________ 1 6 
2. Clay ____________ -:___________________________ 2 
1. Coal; to "Dutch~an" ______________________ 1 
A short distance from where the last measurement was 
taken the clod disappears and the slate is only ten inches 
thick. Faults of great extent have so far not been encount-
ered~ A few minor slips do however occur. In one case a 
thicker bit of "black bat" has been pushed down into the 
coal. The mine is well arranged and equipped for hoisting a 
large output. Legg and Harrison machines are in use in 
driving entries and turning rooms. The shaft is larger than 
is common in this freId, being '7 by 14 instead of 6 by 12, the 
usual size. 
(13) NATIONAL FUEL co. 
The National mine is one of the older mines of the district 
and was formerly known as the Watson. It is now operated 
by the Centerville Block Coal Co. The shaft is 147 feet deep 
and is located on the C., R. I. & P. railway a short distance 
south of the station. The mine is well equipped with new 
topworks replacing those burned in 1892. The coal is regu-
lar and of the usual thickness. In working north and west a 
fault was encountered which cut off the coal. 
(12) ST;"I.NDA.RD COAL co. 
The Standard mine is located in the southeast quarter of 
Centerville. The coal averages about thirty to :thirty-two 
inches clean, and lies 135 feet below the' surface. The cap 
~ 
rock and other. overlying beds are found in place.' The coal 
is brought to the foot of the shaft by a tail rope operated 
from the surface. The hoisting p~ant is of the usuar char-
acter. The company loads upon both the -C., R. I. & P. and 
K. & W. railways. 
(11) RAVEN COAT. CO. 
The Raven mine'is a new shaft, located a mile east of Cen-
terville, on the C., R. I. & P. railroad. In sinking the shaft 
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rather more than the usual thickness of drift was encountered, 
ninety feet being found in the main shaft. The first shaft 
was sunk a short distance east of the present location, but 
was abandoned at a depth of seventy~two feet because of the. 
water which came from a sand layer in the drift. The coal 
lies at a depth of 150 feet. The regular sequence of strata is 
present in norn;tal thickness, with the exception of the cap 
rock, which is, ?'t the sh~ft, only one foot thick. The bottom 
rock is also thinner than usual, and below it is found sand-
stone. 
ANCHOR COAL CO. 
The Anchor Coal Co. operates two mines, No.1 (9) being 
located in the southwest quarter of Centerville, on the K. & W. 
railway, and No.2 (10) being two and a half miles south on 
FIG. 69. Eldon mine NO.2, the usual type of top works seen in the region. 
the C., R. T. & P. (Tp. 68 N., R. XVIII W., Sec. 13, Ne. qr., 
Nw.1). No.1 is in the valley of Manson branch and reaches 
the coal at seventy feet. No. 2 is on the open plain, lying 
soythwest of Centerville, the coal being found at 155 feet. 
The coal in each is of the usual character, and no faults of 
especial importance have so far been encountered. The sec-
tion of the drift as found in sinking No.2 has already been 
gIven. 
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(45) ELDON COAL CO. 
The Eldon Coal Co. of Ottumwa has two mines; No.1 is in 
Davis county, near Laddsdale, and No. 2 is in Appanoose, 
about three miles southwest of Centerville, on the C., R. 1. & 
P. railroad. The latter mine is located on the high prairie, 
and reaches the coal at 145 feet. The drift extends in the 
air shaft down to the fifty-foot rock, which was struck at a 
depth of ninety feet. The little rock is twenty feet above the 
coal, and is oniy one and one-half feet thick. The coal has a 
slight general dip to the west. 
(14:) SCANDINAvJ:AN COAL CO. 
The Scandinavian mine is located in the southwestern por-
tion of Centerville, on the K. &. W. railroad. The mine has 
been operated under different names for about fourteen 
years, and iI;l that time about 120 acres have been exhausted. 
The coal lies 100 feet below the K. & W. track, with the 
usual limestone rocks above. In the creek bed, near the 
mine, the fifty-foot rock and some of the underlying shales 
are exposed. The coal within the mine does not vary greatly, 
except in the vicinity of the fault which has been already 
described. 
. LOCAL COAL CO. 
The Local Coal Co. is composed of representatives of the 
separate companies which mine coal for the local market at 
Centerville. It is not a mining company, butsells·theoutput 
of the individual mines. The companies represented in it are 
the Monitor, Rock Valley, Star, Scandinavian, North Hill, 
Happy, and City. 
(56) MONITOR COAL CO .,. 
The Monitor mine is a gin shaft, located within the town 
limits, a short distance northeast of the postoffice. The com-
pany has only a small lease, less than five acres, and hoists 
coal for the local trade. The coal runs level and lies at a 
depth of 140 feet, the mouth of the shaft being but little 
below the general level of the plateau upon which that por-
tion of th_e city is built. The shaft is the usual size, having 
two noisting compartments, which measure 4x4 in the clear. 
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(57) HAPPY COAL CO. 
The Happy mine is a small shaft.wqrked forthe localtrade~ 
The lease includes twenty acressurrouded on three sides by 
the Scandinavian land, and on the west joining that of the 
Anchor No. 1. The shaft is 106 feet deep to the bottom of 
the coal. The workings have been cut through to connect 
with those of the Scandinavian. 
(58) NORTH HILL COAL CO. 
The mine operated by the North Hill Coal Co. is a shaft 
opened in 1893, and at one time was known as the Frisby 
mine. It is located in the northwestern quarter of Center-
ville. The lease covers six and three-fourths acres, and the 
coalis reached at 120 feet, starting some distance below the 
level of the public square. The coal ne~r the bottom of the 
shaft measures as follows: 
FEET. 
9. Cap rock. ______________ ---------------------
8. Clod _______________________________________ _ 
7. Slate __ . _____________________________________ _ 
6. Coal _ _ _ _ _ __ _ ____ _____ _ ___ _ __ _ _ _ _ _ _ __ _ _ _ _ _ __ 1 
5. Clay ___ ~ ____________________ : ______________ _ 
INCHES. 
4 
8 
8 
4. Coal____ ______ ____ ____ __ ____ ______ ___ _ ______ 11 
3. Clay ___ .____________________________________ t 
2. Coal _______________________________________ _ H 
1. Fire clay ___________________________________ _ 
Tbe middle clay parting (No.5) is at one place barely ahaH 
inch thick, but a short di~tance down the entry it has its nor-
mal thickness. The coal is hoisted by gin and goes to the 
local market. 
(59) ROCK V ALLEY COAL co. 
The Rock Valley mine is a gin shaft eighty feet deep. The 
shaft is a little larger than usual in local mines. It is divided 
into three compartments measuring in the clear 5'x4' 8"; 5'x4' 
8" ahd 5'x2' 4". The smaller compart~ent. is used as an air 
shaft. The company operates on a lease of thirty-three acres 
and the coal runs from 28 to 32 inches in thickness. The 
mouth of the shaft is located on the hillside. In the bed of 
/ 
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the ravine near by the fifty-foot limestone is well exposed .. 
The strata penetrated il! sinking the shaft were as follows. 
FEET. INCHES. 
11. Driftc_ ... ____________________ '- __________ ._____ 20 
10. Fifty-foot limestone_ ____ ____ ________ ____ ____ 10 
9. Shale, in part blue argillaceous, and in part 
sandy ___ ~ _________________________________ 28 
8. Seventeen-foot limestone ______________ ::. _____ . 4 
7. Black argillaceous shale ____________________ 10 
6. Cap rock, gray, argillaceous limestone______ 4 
5. Clod and slate___________________________ ____ 1 8· 
4. Coal ________________________________________ 1 6 
3. Clay ________ . ____________________________ ~__ 2 
2. Coal, including the "Dutchma,n" _ ___________ 1 
1. Fire clay _______ ~ ___________________________ _ 
It will be noticed ~hat the seventeen-foot rock is quite well 
developed and lies eighteen feet above the, coal. Both the 
fifty-foot and the cap rocks are fossiliferous. The coal lies 
level and is free from faults. 
(60) STAR COAL CO. 
The Star mine is just inside the east city line of Centerville. 
It is a gin shaft, hoisting coal for the city trade. The coal 
land consists of a small tract of less than :fi ve acres. The coal 
is reached at a depth of seventy-four.feet andis about thirty-
two inches thick. The normal succession of strata occurs. 
WALNUT BLOCK COAL ASSOCIATION. 
This association was formed in 1895 by the various mines 
in Appanoose county loading' on then, M. & St. P. railway. 
It is not a mining company, but controls the output of all but 
three of the mines. The general offices of the association·"ftre 
located at Mystic. The mines represented are as follows: 
The Superior Block Coal Co., the Darby Block Coal,Co. and 
the American Coal Co. of Darby; the St~r Ooal Co. at Rath-
bun; Clark & Sons, Orr Bros., the Iowa Block Coal Co., the 
Lodwick Brothers, the Iowa and Missouri Coat Co., the Peer-
less Coal Co., C. L. Arnot, Brown & Bowers, the Mystic Fuel 
Co., the- Lone Star Coal Co., the Walnut Creek Coal Co., the 
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Rerl Coal Co., the Columbia Coal Co. and the Hazelton Coal 
Co. of Mystic; with the Gladstone Coal Co~ and the Big Four 
Coal Co. at Jerome. The Carlton Coal Co., west of Mystic, 
while independe~t, sells some coal through the association. 
The Twin Coal Mining Co. and the Co-operative CoalCo. are 
the only ones who market their own output. 
(16) THE SUPERIOR BLOCK COAL 00. 
The Superior Block slopes are at present the extreme east-
erly mines of the group working along Walnut creek. The 
coal lies near the surface and is reached by two slopes, load-
ing on the C., M. & St. P. railway. 
(17) THE DARBY BLOCK COAL CO. 
The Darby mine is a shaft £ity :feet deep located at Darby, 
SQuth and west of the Superior Block. The coal is loaded on 
the C., M. & St. P. railway. 
(IS) AMERICAN COAL CO • 
. The mine operated by the American Coal Co. was opened 
by the Evans· Coal Co., and IS known as the Evans mine. It 
is a shallow shaft mine, having a switchrrom the C.,M. & St. 
P. railway, and lying to the north of the track, about half 
way between Darby and Rathbun. The coal is hojsted by a 
horse:.powergin, and the bed is of the· usual thickness. The 
cap rock alid the little-rock may be seen in the air shaft • 
. (19) STAR COAL CO. 
The Star Coal Co. of Streator, Ill., operate the mine located 
at Rathbun. The shaft is eighty-two feet deep, and the coal 
is worked on the longwall plan. 
(20) CLARK & SON . 
. Clark & Son operate a mine at a place called Clark3dale 
lying about two miles east of Mystic, on the C.,M. & St. P. 
railway. The coal is reached at a depth of seventy feet. It 
is hoisted by a horse-power gin. Near the mine are good 
exposures of limestone along the l~ailway track. 
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ORR BROTHERS. ' 
Orr Brothers operate two mines.N umber 1 (26) is a small' 
slope lying on the south side of Walnut creek at ,Mystic, 
and loading on th~ Turkey river switch. Only, a small tract 
of about fifteen acres is controlled here and the area isaltnost 
entirely mined out. Number 2 (21) is a shaft mine immedi~ " 
ately west of Clarksdale~nd lying on the north side of the 
FlO. 'iO.Floating rock near Clarksdale. 
railway track. A large tract of land is, under lease at 'tJl,is' 
point. The coal is reached at seventy feet. 
(22) THE lOW A BLOCK COAL co. 
The Iowa Block Coal Co. has a gODd territory under 
development on the south side of the railway west of Orrs' 
mine and east of Mystic. The coal is reached by a double 
track slope timbered with 8 by 8 timber and divided into two 
compartments each five and one-half feet wide at the top. 
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The double track continues into the mine about 500 feet. 
The coal is brought out by an endless rope driven by an 
Ottumwa engine. As a rule three cars are brought out in a 
trip, being attached by means of a Leavenworth grip. No 
conductor is required and a trip comes out in about three 
minutes. The cars are carried on a trestle over the creek to 
the tipple, where the coal is loaded on a switch from the main 
line of the Chicago, :MIlwaukee & St. Paul railway. 
(23) LODWiCK BROTHERS. 
The Lodwick Brothers Coal & Nlining Co. operate two 
slopes in the eastern edge of Mystic, loading on the reservoir 
switch. Coal is taken from both the, east_and the west side 
of the ravine. Recently a very carefully, driven slope had 
been opened on the east side and. it is proposed to connect 
both mines with this and load all the coal from one tipple. 
The slope is six feet high, ten feet wide at the top and twelve 
feet at the bottom, measured in the clear. At the mouth it 
is timbered for thirty yards with 8 by 8 stuff backed with two 
inch lumber. The next sixty yards merely requires a row 
of props in the middle, while beyond that, there is no timber 
,of any kind. The slope is driven due north and carries two 
tracks. The cost was about $7 per yard for the first thirty 
yards, $3.75 for the following sixty, and $3.50 for the 
remainder. 
The slope is an excellent piece of work and can be used to 
handle a very large output. Ultimately steam haulage will 
be put in. The coal is mined by the modified longwall plan. 
A face is being driven to the east from the main entry. 
In working this mine a preglacial channel, now filled with 
drift, has been encountered and traced some distance in a 
northeasterly direction. It, seems probable that it is the 
same that was encountered in working the old Sandbar mine 
toward the northwest. If so the channel would be about 
1,200 feet wide. In certain parts of the mine the drift has 
been encountered where it does not cut down into the coal. 
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(46) IOWA & MISSOURI COAL CO. 
The Iowa & Missouri Coal Co. operate a large slope 'mine 
immediately east of the Mystic railway station. The main 
entry is driven north. The slope is single track and the coal 
is hrought out by a tail rope. 
(25) C. L. ARNOT. 
Starting southeast from the depot and running along the 
east side of Walnut creek is what is known as the Turkey 
river switch of the C., M. & St. P. railway. There are three 
mines, loading on this track. The first, from the depot, is the 
Orr slope already described, the second is the Arnot mine, 
and the third the Peerless. The Arnot mine is a small slope 
working about seventy acres on the modified longwall plan. 
(26) PEERLESS COAL. CO. 
The Peerless Coal Co. is at present operating only one 
mine, though other. land is held by the compan.y. The mine 
from which they now)oad coal is the farthest east of those 
on Turkey river switch. West of it and near the Arnot mine 
is a second slope from which coal was formerly loaded. The 
output of this latter mine is now handled through the eastern 
slope. The Peerless mine was originally opened as the Hen- . 
rietta and passed through several hands before being pur-
chased by the present owners. The mouth of the slope has 
been recently retimbered, and a neat brick engine room has 
been built. The coallies'nearly level, the dip, whichisnorth-
ward, being four and one-half inches to the hundred feet; 
"The mine is worked on the longwall plan by machinery. The 
machine in use was invented by Messrs. Lee, the proprietots, 
and has proven quite efficient. It is driven by a Thompson-
Houston dynamo. For the present, mule haulage alone is 
used in the mine. A box car loader of a new pattern is u:uder 
development. 
(29; CO-OPERATIVE COAL CO. 
Running west from near Mystic depot is a track known as 
the Catfish switch. There are three mines loading on this 
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track. The first is now known as the Co-operative and was 
formerly worked. by the Peerless Co. It is a slope mme, 
on the north side of the track. 
(28) BROWN & BOWERS. 
. . 
Th~ Brown & Bowers mine is a small slope, nearly opposite 
the Co-operative, and like it loading on the Catfish switch. 
West of the Brown & Bowers is a tract of undeveloped land 
held by the Peerless Co. 
(29) MYSTIC FUEL CO. 
The Mystic Fuel Co. controls a considerable area lying at 
the end of the Catfish switch. They load by means of a tram-
way running from the slopes down to the tipple on the railway 
track. This company now has the property formerly held by 
the Blackrod Coal Co. 
. (27) LONE STAR COAL CO. 
The Lone Star mine is almost directly opposite the depot 
. at Mystic. The coal is brought out through a drift on the 
south side of Walnut creek and carried over the creek on a 
FIG. 71. Tipple at the Lone Star,mlne; repres~ntative of the smaller mines. 
t.restle to the tipple. A section of the GQql as expolSed neal' 
here ha~ l;)~(;?n p,lready given. 
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(31) WALNUT CREEK COAL CO. 
The Walnut Creek Coal ,Co. has recently obtained, and now 
operates, the Stormfeldt &De France mine. ,It is a slope, 
located on the south side of the C., M. & St. P. railway, 
about half way between Mystic and tile K. & W. crossing. 
(32) TWIN COAL MINING CO. 
The Twin Coal Mining Co. operate what are known as the 
Twin mines, ~nd which formerly belonged to the Peerless 
Coal Co. The mines are two' shafts sunk a short distance 
apart and having underground connection. They have a 
switch from the C., M. & St. P. railway and are located near 
the K. &W. crossing. The coal is reached at a depth of forty 
feet. 
(33) HERL COAL CO. ' 
The Herl Coal mine is a shaft thirty feet deep lying just 
west of the Twin mines and formerly known as the Peerless 
No.4. It loads on the a.,M. & St. P. railway. 
(34) CARLTON COAL CO. 
'The Carlton mine is a shaft fifty feet deep lying on the " 
north side of the C., M. & St. P. railway, about a mile west 
of the K. & W. crossing. It is sometimes called the Diamond 
mine., For some time electric mining machines were used 
here. The wne is now operated by the Tipton Coal Co. and 
is on the same land that i~worked by theirmine:Number2 . 
... ,: 
(35) COI;.UMBIA COAL CO; 
.' The Columbia mine is a slope on the south side of t~erail':'. 
way track a short distance southwest of the Carlton mi~e. " 
't 
(36) HAZLETON; COAL' 'CO. ' 
The Hazelton mine ison the south side of the track about a 
mile west of the Columbia mine. The coal is reached by a 
slope as well as by a shaft seventy feet de'ep. ' 
GLADSTONE COAL CO. 
The, Gladstone Coal Co. operate two mines, Number 1 
(38) lying east of Jerome and Number g (391 w~~t~~hE} 
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former is 100 feet deep. In sinking it the upper limestones 
were not found in the regular shaft, though present in the 
air shaft. Their absence in the one case is probably due to 
preglacial erosion. NIine Number 2, . west of town, was 
sunk in 1893 and is a well equipped shaft mine. 
(37) BIG. FOUR COAL co. 
The Big Four mine is at the eastern edge of Jerome, and is 
a shaft 125 feet ·~eep. It loads on the C., 1'I. & St. P. railway 
from the north side of the track. 
TIPTON COAL CO • 
. The Tipton Coal Co. operates two mines at Brazil. No.1 
(40) is a drift located on the east side of the K. & W. rail-
way, im.mediately south of the Centerville Block No.5. It 
, has been open for some years. No: 2 (41) is a slope located at 
the crossing of theK. & W. and the C., M. & St. P. railways, 
and was opened up by the Philips Fuel Co. of Ottumwa. 
(42) BRAZIL COAL CO. 
The Brazil mine is a slope lying west of the K. ~ W. rail-
way. It has been open for a number of years and has passed 
under a number of different names. The territory belonging 
to the company is itself limited, but they have a lease of 
eighty acres from the Centerville Block Coal Co. 
(43) PHCENIX CO.aL co. 
The Phcenix is one of the older mines, located at Brazil. It 
is a drift, and lies between the Centerville Block mines 5 arid 
6. The company has recently leased additional land, so that 
the available territory is sufficient for some time to come. 
(44) LANE COAL CO. • 
The mine of the Lane Coal Co. is located on the K. & W., 
at a place called Laneville, between Brazll and Centerville. 
It is a shaft mine and reaches the coal at a depth of seventy-
five feet. Robert Campbell (62) and E. Stern' (63) operate 
small mines for th~ local tr~de ~t Brazil. 
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(76) COAL VALLEY COAL CO. 
At Numa, in addition to the Centerville Block Co. 's mine 
No: 2, is the shaft of the Coal Valley Coal Co. This mine is 
located south of town and sells largely to the local trade. 
(49) APP ANOOSE COAL· CO. 
At Cincinnati, in the southern 'part of the county, and on 
the C., B. & K. C. railway, there are a number of mines. 
In the eastern portion of the town is the Appanoose mine. 
The shaft is 180 feet deep, and the coal shows. the normal, 
thickness. 
(47) THISTLE COAL CO. ' 
The Thistle mine is east of Cincinnati, beyond the Appa'-
noose shaft and on the north side of the railway. The shaft 
is 110 feet deep, and' the coal is of the usual thickness. No 
faults of any economic import, have been encountered, but a 
number of small slips of scientific interest occur in the mine. 
, , 
(48) MERCHANTS COAL CO. 
The Merchants, or, as it is locally known, the Hyatt shaft, 
lies south" of the Thistle, and has an outlet over a spur from 
the C., B. & K. C. railway. The mine is a new one, opened in 
1893, and is well equipped. 
(50) ALBERT COAL CO. 
The Albert shaft is s'0uth of Cincinnati and on the west 
side of the railroad. A section of the strata at the shaft has 
, already been given. 
(:jI) STREATOR BLOCK COAL CO. 
The Streator mine lies southof the Albert, and the shaft is 
on the east side of t~e track. At this point it is eighty-six 
feet to the coal, the mouth of the shaft_ being thirteen feet 
above the track. 
(52) CINCINNA'I'I COAL CO. 
The Cincinnati mine is a shaft sixty feet deep lying in the 
northern portion of the town. It, With the Ka.n~a~ City (53) 
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and Hocking Valley (75) mines south of town, is worked 
mainly for local trade, though some coal is wagoned to the 
cars and shipped by each. 
(74) PEARL CITY COAL CO. 
The Pearl City mine is located very near the state line. It 
is a small shaft about twenty feet deep and shows the follow-
ing strata as measured by Mr. A. C. Spencer. 
FEET. INCHES. 
8. Shale, drab, clayey (exposed)_____ ____ 2 
7. Shale, black, highly bituminous______ 1 2 
6. Coal ______________________ .____ _______ 1 6 
5. Clay parting ______ __ __ __ _______ ______ 3 
4. Coal__ _ _ _ _ _ _ __ __ __ _ _ __ _ _ _ _ __ _ _ _ _ ___ _ _ - 10 
3. Clay parting_________________________ 1 
2. Coal__________________________________ 2 
1. Fire clay (exposed)___________________2 
FIG. 72. Coal bed in Pearl City mine_ Four miles south of Cincinnati. 
(54) ROYAL COAL CO. 
Near Exline there are two mines in operation. The larger 
is the Royal, located about two miles east of the station and 
loading coal on to the C.,B. & K. C. railway. The mine is a 
drift and the coal is brought to the railway, by means of a 
tail rope. The second mine is the White Oak (55), a small 
shaft worked almost exclusively for the local· trade, and 
located about three~fourths of a mile northwest of the station. 
(15) WHITEBREAST FUEL CO. MINE 19. 
The Whitebreast Fuel Co. own a large tract of land north 
of Centerville. Their mine No. 19 is located upon this land 
about four miles from the town mentioned, at a place called 
Forbush. The mine is large and well equipped and ships 
over the Iowa Cen~ral railway. Many details of the work at 
this l'lace have already been given. 
LOCAL MINES. 
In addition to the mines listed above there are several 
important local plants. Near HHltown in the southea,stern. 
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part of the county mining is quite extensively carried on for 
the country trade. The principal openings are the two Dick-
son mines (70), the Heim (71), and the Troublesome or Thomp-
son mine (72).· At Livingston in the southwestern part of the 
county the Parker mine (65), a shaft 110 feet deep, has been 
operated for some years. Northwest ofJ erome is" the Houser 
!lline (64), near Plano is the Knight (77), and near Milledge-
vine are quite a number. Among the latter are the Fenton 
(66), Gurnsey (68), Mosby (69), and Young (67) mines.N orth-
east of Forbush there is a group of small mines along the 
Chariton, among which may be mentioned the Stevens(75) 
drift. 
CLAYS. 
There are two series of clays within the county wb,ich may 
be used in the manufacture of brick and other clay products. 
The first is the loess-silt and the second includes the shales 
of the coal measures. 
The loess-silt is well adapted to manufacturing purposes. 
It is homogeneous, plastic, widely distributed, easily mixed 
and burns to a good color. In many important particulars it 
is resembled by the alluvium, though the loess-silt is usually 
a heavier clay. Tp.e alluvium itself is easily worked up into 
hand made brick, but is not at present used within the county. 
The coal measure shales and fire clays are found through~ 
out the county. They are readily obtained and adapted to a 
wide variety of treatment. Pavers, building brick, face brick 
and tile are among the products which may be made from 
these shales. Within the county the shales are interbedded 
with limestones and frequently contain a large lime content 
which greatly decreases their value. Where, as is usual, the 
lime occurs as separate nodules, it may be readily separated 
from the" clay. Important beds may.be found which are 
almost entirely free from lime. 
In working the coal seams it is necessary to move a large 
amount of the underlying fire clay. This material is usually 
hoisted and dumped. It is quite probable that it could, to a 
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large ext-ent at least, be utilized. Mr. B~ Parker, at Living-
ston,at one time experimented with the clay and found that 
it shrinks badly in burning~ This could be remedied by proper 
admixture withthe loess-silt or by changing the methoq. of 
treatmen.t.There is a good opening in the region for a com-
bined hrick plant and coal mine, and suchplanis will probably 
at no distant day, torm" an important industrial feature 
throughout the region. 
Of the plants now in operation only one utilizes the coal 
measures shales. _ The remainder depend upon the loess-silt. 
CENTERVILLE. _ -
The Centerville Brick and Tile Co. have a plant in the 
southwestern portion of the city, located on:-- the K. & W. 
- railway. The brick works are on the territory worked by the 
Scandinavian mine, and a figure of the pit, showing the dis-
turbed condition of the shales has already been_ given (see 
figli:re65). The pit is.located south of the Scandinavian shaft. 
The shale comes from above the fifty-foot limestone, and 
" " -
twenty or more feet of gray to greenish shale is exposed. 
The upper portion is weathered some and should be mixed 
-with-the loess. 
Over the shale is about four to -twelve feet at boulder clay, 
which must be stripped off. Formedythe loess~silt was used, 
being obtained nearer the kilns,but nOw the shale is taken 
alone. A combination of the-two would probably be advan-
tageous. -
The clay is hauled by tail-rope from the pit to the plant, a 
distance ofaborit 150 yards. It is run through a Frost dry--
pan anda Fateand Freese Ohio machine.- "The product is in 
part dried in the open air and in part upon a furnace~heated 
floor. Three up draft kilns and one permanent open kiln are 
used ill burning. It requires usually from five to seven days 
- for the burning. Building brick and sidewalk blocks are 
made. 
. E. -Ramsey has been making brick by hand in the north-
western part of C~nterville for some years. The loess-silt 
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from the crest of an upland ridge is used. The brick com-
mand a ready sale. 
LIVINGSTON. 
Brick have been made at Livingston by B. Parker, and later 
by, Chivare and Lomberger, since 1880. The surface soil is 
used, being made up by hand and burned in a down draft kiln. 
UNIONVILLE. 
At Unionville there are two brickyards, both turning out a 
hand-made product, which is derived from the loess-silt and 
burned in cased kilns. The Miller & Calkins yard is about 
three-quarters of a mile west of town, and the Knight Broth-
ers is nearly two miles northwest . 
. BUILDING STONES. 
The limestones of the Appanoose beds furnish excellent 
material for the rougher grades of masonry. At many places 
along the streams of the area underlain by these beds are 
ledges which may be readily quarried. N ear the Scandinavian· 
mine,at Centerville, the fifty-foot rock is quarried. Near 
Milledgeville, Messrs. D. S. Fenton, R. I. Prenty, and N. J. 
Elam each operate small quarries to supply the local trade. 
The ledges occurring are nowhere of sufficient thickness to 
warrant the investment of capital in any extensive quarry 
enterprise. The roc~ is of good. quality and stands the 
weather well. In the foundation of Mr. Elam's house, stone 
cut in 1866 shows the tool marks quite distinctly. The quality 
oJ rock available at any one quarry site is entirely too limited, 
however, to make the industry profitable. ., 
The rock has been burned for lime at a few points and 
yields a good material; but the same factors whi<3h prevent 
the growth of a large quarry industry will be equally potent 
in discouraging any attempts towards lime burning on a large 
scale. 
The Chariton conglomerate has been quarried a little 01;1. 
the farm of :rvlr. Wm, Duval, near Nloravia, as also near Hilton, 
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in Monroe county. The stone does well enough for rougher 
foundation work, though it is not usually as good as the lime-
stone of the Appanoose beds. It is easily obtained and 
9ccurs in thick ledges, but will never support a large quarry 
industry. 
WATER SUPPLIES. 
The drainage system of Appanoose· county is quite well 
d-eveloped. The st:reams have pushed out their lateral 
branches till the whole area is, as compared with regions in 
the northern portion of the state, covered with a network of 
waterways. These creeks and rivulets afford a generous 
supply of water for ordinary farm and stock purposes. 
Springs are rare, as is common in drift covered regions, The 
drift is made up of unconsolidated beds of boulder clays, 
sands and gravels. The latter are irregularly distributed in 
small patches, which form natural basins for the reception 
and storage of water. The larger number of wells through- . 
out the county derive their water supply from these drift 
basins. The water is almost always of good quality and of 
sufficient quantity to meet ordinary demands. 
At Centerville, water for the city supply is obtained from 
a deeper horizon. Two wells have been put down here. The 
first* was carried to a depth of 2,495 feet and encountered 
water at several horizons. This supply was not utilized. In 
1895 a second well was put down and an abu~dant supply was 
. struck at 1,439 feet. The water is of excellent quality and is 
pumped at the rate of 350 gallons per minute. It probably 
comes from the sandstone which Norton * has referred to the 
Upper Silurian. 
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1t.ckwo rth, elevation, 3 t5. 
. Sections, 328, 329. 
. Administrative reports, 9. 
Aftonian beds, 66. 
. Ainsworth, elevation, 119. 
Albert Coal Co., 3tH, '433. 
Albia, quarries, 397. . 
Alluvium in Appanoose county, 408. 
Boone county, 205 
Jones county, 43, 69. 
Warren county, 317. 
Washington county, 156. 
Woodbury county, 286, 2B9. 
Altamont moraine, 203, 279. 
American Coal Co., 425.· 
Analyses of clays,257. 
Coals, 219, 411. 
. Cone-in-cone, 231. 
Loess, 357. 
Soils, 229. 
Anamosa stage of Niagara, 56, 94, 100, 
169. 
Anchor Coal Co., 406, 42L 
Andrews Bros. bdckyard, 165. 
Anderson mine, 349. 
Angus, elevation; 180. 
Mines, 214. 
Angus Coal Co., 215. 
Anthony mine, 348. 
Appanoose beds, 378. 
Appanoose Coal Co., 433. . 
Appanoose county, Geology of, 361. 
Alluvium, 408. 
Analyses of coal, 411. 
Appanoose beds, 373. 
Area, 365. 
Borings, 379. 
Building stones, 436. 
Cat'boniferous beds, 374. 
Character of Mystic coal, 410 .. 
Chariton. conglomerate, liS7, 394-. 
River, 370. 
Exposures, 386. 
Classification of formations, 374. 
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Clays, 434 . 
Coal, 409 . 
Lands, 409. 
Deeper coal seams, 403 . 
Description of plates, 408. 
Des Moines formation, 376. 
Drainage, 370. 
Early geological work, 365. 
Economi.c products, 409. 
Elevations, 368. 
Faults, 398. 
General secGion, 382. 
Geological formations, 374. 
Geological structure, 398. 
Kansan drift, 406. 
Location, 365. 
Loess-silt, 407 . 
Limestones, 378. 
Mines, 416. 
Mining methods, 412. 
Mormon creek exposures, 392. 
Mississippian rocks, 374. 
Mystic coal, 378. ' 
Numa dome, 402. 
Origin of physiography, 371. 
Physiography, 306. 
Plateau surface, 367. 
Pleistocene, 406. 
Pregl~cial channels, 372. . 
Scandinavian fault 399, 408. 
Standard fault, 399. 
Stratigraphy, 374. 
Topography, 366 
Typical sections. 379. 
Ullams branch exposures. 394. 
Uniformity of structure, 383 
Upper Carboniferous, 376 
Water supplies, 437. 
Work in, 27. 
Appanoose mine, 404. 
Arnot. C. L. mine, 428. 
Area of Appanoose county, 363. 
Boone county, 179. 
. I Jones county, 37. 
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Area of Washington county, 117. 
Woodbury county, 245. 
Area underlain by Mystic coal, 384-. 
Areal works, 13. 
Artesian waters in Boone county, 229 .. 
Well report. 14, 29 
Augusta limestone, 140, 250. 
Anthon, terraces, 2~5. 
BoO C. R & N. quarry, 170. 
Bailey, J. W., cited, 266. 
Bain, H. F., Administrative report, 27. 
Cited, 159, 269, 278; 366. 
Geology of Appanoose 
county, 36l. 
Geology of Washington 
county, 113. . 
Geology of Woodbury 
county. 241. 
Work, ]2, 18. 
Bales mine, 349. 
Ballou quarry, 89, 107. 
Bartholomew, W. N., acknowledg-
ments, 326. 
Bartsch, Paul, acknowledgments, 268. 
Base leveling in Tertiary and Creta-
. ceous, 311. 
Basler mine, 349. 
Bassett mine, 348. 
Beaman mine, 348. 
Beaver creek in Boone county, 183. 
Beaver station, elevation, 180. 
Beem mine. 319. 
Bethany Falls limestone, 376. 
Bedham mine. 349. 
Benson brickyard, 326. 
Benton shales (see Colorado). 
Bertram stage of Niagara, 60.. 
Bevington) elevation, 316. 
. Section, 338. 
Beyer, S. W., Geology of Boone 
county, 177. 
Bidwell mine. 404. 
Work, 14, 18, 28. 
Big Four Coal Co., 431. 
Bishop mine, 349. 
Blackbird mine section. 385. 
Blackrod Coal Co., 428: 
Block coal in Appanoose county, 386. 
Blyth mine, 206. ' 
Boone Clay works, 223, 231. 
Boone, deep well, 194. 
Elevation, 180. 
Boone county, Geology of, 177. 
Altamont moraine, 203. 
Alluvium, 205 
Analyses of soils, 229. 
Angus mines, 214. 
Area, 179. 
Artesian waters. 229. 
Beaver creek, 183. 
Boonsboro mines, 206. 
Building stones, 221. 
Calcite, 230. 
Carboniferous, 199. 
Cement, 222. 
Character and distribution of the 
Forest Trees and Shrubs, 232. 
Chemical analyses of coals, 219. 
Classification of formations, 184. 
Clay, 222. 
Industries, 223. 
Coal, 205. 
Horizons, 218. 
Lands, 219. 
Cone-in-cone, 231. 
Deep well, 194. 
Des Moines river, 182. 
Stage, 199. 
Valley mines, 206. 
Drainage, 18L 
Early geological work, 179. 
Economic products, 205. 
Elevations, 180. 
Forest belts, 232. 
Frazer mines, 213. 
Gary moraine, 203. 
General relations of strata, 18i. 
Geological formations, 199. 
Gypsum, 230. 
Kansan drift, 203. 
Ledge sandstone, 187, 221. 
Lime, 222. 
Madrid mine, 206. 
Milford mine, 209. 
Mines. 206. 
Mining companies, 220. 
Mineral Ridge, 203 
Minerals, 230. 
Moingona mines, 208. 
Physiography, 180. 
Pleistocene, 202. 
Pilot Mound, 203. 
Pyrite, 230. 
Road materials, 229. 
Situation, 179. 
Soils, 228. 
Stratigraphy, 184. 
Squaw creek, 184. 
Terraces, 182. 
Mines, 273. 
Thickness of coal measures. 20Q. 
Topography, 180. . 
Typical sections, ]84. 
Wisconsin drift, 203. 
Work in, 14. 
Boone Paving Co., 224, 232. 
Boone Valley mines, 209, 213. 
Boonesboro, brickyards, 226. 
Mines, 210. 
Bottom land of the Missouri, 246. 
Bowman, F., brickyard, 226. 
Brazil, elevation, 369. 
Brazil Coal Co., 431. 
Brecciated beds, 146. 
. -
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Brick works-
- Andrews Bros., 165. 
Benson, 226_ 
BooIie~layworks, 223. 
Boone Paving Co, 224. -
Bowman, 226. 
Broom Bros" 166. 
Centerville Brick & Tile Co., 435. 
Dean & Bowman, 226. 
Eckert, 228. 
Eckles, 165. 
Erickson, 227. 
Everett, 227. 
- Farley Bros, 164. 
-- Faust, 359. 
Franklin, 226. 
GlasEcock, 359. 
- Gross, 359. 
Holman- Bros., 293. 
Hoover; 359. _ 
Indianola Brick & Tile Co., 358. 
Knight Bros., 43B·. . 
Kirkheart, 359. _ 
McCloud & Carpenter, 227. 
Miller & Calkins, 436. 
Mont~cello Bdck& Tile Co., 108. 
:Morris :E3ros., 166. 
Northwestern Sewer Pipe works, 
_ ,29L __ ' _- __ - -
Qliri. Brij}k & Tile Co., 108. 
-Parker, 436, . 
Peterson & Smith, 293. 
RalIlsey, 435. _ 
Sargent's Bluffs & Sioux City Co., 
294. -
~later,226, _ 
Smiley; 226. 
Smith, B.F., 109:. 
Sioux City Brick & Tile Co., 292. 
Sioux paving Co., 290. 
Stephens, 226. -
SwUt,F. W., 165. 
R. L., 165. 
Wheeler; 228. 
'Wilcox, 226. 
Woodley, 293. 
Yegge, 226. 
Brighton, brickyards, 165. 
Elevation, 119: 
Quarries, 167. 
Section, 128, 145. 
~ Washington section, 157. 
Broadhead, G. C., cited, 404. 
Brown & Bowers mine, 429. 
Brown Bros. brickyard, ]66. 
Brlan, D. W., acknowledgments, 438. 
BuChanan, gravels, 66. -
County, work, It, 18,28 .. 
Building, sands in Jones county, 110. 
Stones. (See also quarries.) 
Essential properties 
of, 18; 
In Appanoose, 436 .. 
Boone, 221. 
Jones, 93. 
Warren, 355. 
Washington, 167. 
Woodbury, 296. 
Some Iowa, 13. 
_ Tests, ]9. 
Burlington section, 1ati. 
Burgit mine, 349 
Burney pottery, 358. 
BuriedchannelE', 159, 278, 372. 
Calcite in Boone county, 230. 
Caldwell & Cassidy mine, 349. 
Calvin, Samuel, acknowledgments, 173, 
299. 
Administrative report, 11. 
Cited, 66, 117,271,274. 
. Geology of Jones county, 33. 
Works, 12,18. 
Campbell, Robert, mine, 431. 
Canton quarry (93. _ 
Capellini, J., cited, 271,272. 
Carboniferous, base of, 138. 
In Appanoose county, 
.374. 
Boone county, 199. 
Jones county; 60. 
Warren county, 319. 
Carlton Coal Co .• 430 . 
. Carter qu.arry, 106-
Carlisle, elevation.· 3i5. 
_ Pottery, 358. 
Cedar county, 13, 19.-
Cedar Blilff section, 261. 
Cement, 20, 222, 295 . 
Centerville Block Coal Co., 417. 
- BJ,'ick & Tile Co., 401,435. 
Elevation, 369 
Section. 384, 390. 
Well, <105. 
Cerro Gorao cou.nty, 19. , . 
Chamberlin, T. C., cited, 39; 203. 
ChaI;ripion quarry, 21,84,96,97,101. 
Chandler, E. E.,' acknowledgments, 
232. -
Character and Distribution of the For-
est Trees and Shrubs -in Boone 
county, by L. H. Pammel, 232. 
Character of Mystk coal, 410. 
Charles, J. H., acknowledgments, 299 
Chariton conglomerate, 387. 
- River, exposures, 386. 
'- Origin, 312. 
Chittenden mine, 349. . 
Cincinnati Coal Co., 433. 
Elevation. 369. 
Section, 391. 
City Coal Co., 419. 
·Clarke & Peatman, acknowledgments, 
379,437. 
Clark & Sons' Coal Co., 425. 
Clark mine, 349. 
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Classification of Formations in Appa-
noose, 374. 
In Boone, 184. 
Warren,32L 
Washington, 126. 
Woodbury, 255. 
Clamer mine. 349. 
Clay Mills quarries, 93 .. 
Clays of Appanoose county, 434. 
Boone county, 222. . 
Jones county, 107. 
Warren county, 356. 
Washington county; 162. 
Woodbury county, 288. 
Clemons mine, 214. 
Clyde mine, 208 . 
Coal, analyses, 219, 411. 
Formation of, 342. 
Horizons, 15, 218, 342. 
In Appanoose, 409. 
Boone, 205. 
Warren, 342. 
Washington, 162. 
Woodbury, 296. 
Lands in Appanoose, 409. 
Boone, 219. 
Measures-see Des Moines stage. 
Statistics, 348. 
Valley Coal Co., 433. 
Waste commission, cited, 409. 
Work,20. . 
Columbia Coal Co., 430. 
Conditions of coal deposition, 321. 
Cones, Elliot, cited, 265. 
Cone-in-cone, 231. 
Confidence mines, 392 
Connor, J. '1'., acknowledgments, 437. 
Connor mine, 348. 
Couslin mine, 348. 
Co-operative Coal Co , 428, 
Coppock, gravel beds, 172. 
Section. 144 
Cope, E. D., acknowledgments, 277. 
Coralline beds of Niagara, 4\:1. 
Corals ~n Jones county, 80. 
Correctionville, elevation, 250. 
Cotters-Keota section, 157. 
County reports, 18. 
Craig mine, 215. 
Cretaceous, Woodbury county, 265, 288. 
Creighton mine, 319. 
Crooked creek, changes in, 123. 
Section, 143. 
Cross-sections in Warren county, 323. 
Washington county, 
157. 
Woodbury county, 287. 
Cushing elevation, 250. 
Cycles of erosion, 305. 
Dargavle, Alex., acknowledgments,438. 
Dakota sandstone, 267. 
Dalby mine, ~lD: 
• 
Dana, J.D., cited, 321. 
Danbury, elevation, ~50. 
Darby, coal, 388. . 
Elevation, 369. 
Darby Block Coaleo., 425. 
D~yton, WaShington county, elevation, 
119. 
Webster county, elevation, 1tlO. 
Dean, elevation, 369. 
Dean & Bowman brickyard, 226. 
Dearborn, Frank, acknowledgmfmts 112. . , 
Dearborn & Sons, 99. 
Deformations in Jones county,91. 
. Washington county, 158. 
Delaware county, 13, 18. 
Stage of Niagara, 49.· 
Dennis, elevation. 369. 
Section, 387. 
Deepwells, 171,258,298, 350, 405 .. 
V €lin mine, 404. 
Deeper coal seams in A ppanoose, 403. 
Strata in Washington, 130. 
Descriptive physiography of Warren 
COUnty, 306. . 
Des Moines, precipitation at, 350. 
County, 21. 
River, 182 
Stage in Appanoose, 376. 
Boone, ]99. 
Jones, 60; 
Warren, 321. 
Washington, 151. 
VaUeym:inesin Boone, 20lt 
Detailed sections in Warren county 323. 
Devonian, eastern edge of, 12. .' 
. !n Washington county, 138. 
DIckson mme, 434. . . 
DilIa'rdmine, '349. 
Dip in Warren county, 310, 343. 
W a~hington county, 158 .. 
Dolomites of Iowa, 18. 
Dolby quarry, 105. 
Dra~e, .B'. K, acknowledgments, 438 .. 
Drallage, of Appanoose county, 370. 
Boone county, 181. 
Jones county,,,!6. . 
Warren county, 307. 
Washington county, 12<h 
Woodbury county, 251. 
Diamond mine, 417 
Analysis of coal from, 
4!1. ~ 
Drift. (See also Pleistocene.) 
In Warren county, 319: 
Plains in J oues county 40 
Study of, 27. ' 
Duval, William, quarry, 397 436. 
Dyke mine, 349. . ' 
Earle Bros. boring, 336. 
Mine, 349 . 
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Early geological work in. Appanoose 
county, 365. ' 
In Boone county,179. ' 
Jones county, 37. 
Washington coun,ty, 117. 
Woodbury county, 245. 
Eckels, brickyard, 165. 
, , "Quarry, 127. 141, 169. 
Eckert brickyard, 228." " 
Economic benefits of surveys, 23. 
Products of Appanoose county, 409. 
Boone county, 205. 
J ories county, 91. 
Warren county, 3:1:2. 
Washington county, 
162. 
, ,Woodbury county; 288. 
Elam, N', J., quarry, 436. 
, Eldon Coal Co , 422. 
" Mine,elE~vation, 369. 
Elevations in AppanoosecountYI 368. 
Boone county, 180. 
, Warren county, il14. 
'Washington county. 119. 
" , Woodbury county, 250. 
English river gritstones, 134, 
, , Sections, 157. 
'Equusbeds,271., ' , 
. Erickson brickyard, 227. 
Erosion in Warren county, 313. 
Escarpments ill Warren county~ 309. 
,Essential properties of building stones, 
18, ", 
Evans, J., cited, 266~ 
Exline, elevation, 369. 
Explanation of the, physiography of 
Warren county, 310, 
Faber quarry, i67. 
Farley Bros. brickyard; 164. 
Faults in Appanoose county, 398. 
Faust brickyard, 359. 
, ~ine, 348. , 
Fayette county, 12, 19. , 
Fenton, D. S. quarry, 436. 
Fenton tile factory, 359. 
Mine. 434, 
Flock & Clark mines, 212. 
Forbush, elevation, 369. 
Mine, 433. 
Section. 390~ 
Ford, elevation, 315. 
Sandstone, 324. 
Fordville Coal Co., 348. 
Forest beds in Boone county, 204. 
" Trees of Boone county, 232. 
,Foster, coal at, 393, 40:1:. 
Fouch mine, 349. 
Franklin brickya.rd, 226. 
Frazer mines, 213. 
Gardner,J. S., cited, 271, 
Garfield, elevation,369, 
Gary moraine, 203. 
Gas in Warren county, 350. 
Gass, J., cited, 117. 
Gault,.T. K,acknowlediments, 438. 
Geest in Jones county, 62._ 
Gem quarry, lOt. 
General character of streams of War-
ren county, 307. 
Cross-sections in Warren county, 
34.0. . 
Description of the Carboniferous, 
320. . .. 
Relations of strata in Boone county, 
18·1,; 
In Jones county, 47. 
WashiLgton county, 126. 
Woodbury county, 255. 
Section of beds in Appanoose 
county, 332. . 
In Woodbury county, 255. 
Geological conditions of economic min-
. ing, 18. .-
Form~tions of Appanoose county, 
379. 
Of Boone county. 199. 
Jones county, 48. 
Warrencounty, 317. 
Washington: county, 130 . 
Woodrmry corinty, 265. 
. Structureo! Appanoose county, 
398; 
Of Washington county, 156. 
W~odbury county, 286. 
Geology of Appanoose county, 36. 
Boone county, 177. 
Jones county, 33. 
Warren county, 301. 
Washington county, 113. 
Woodbury county, 241-
Ghost mine, 348.' 
Gibson, John, acknowledgments, 112. 
Glacial deposits of Woodbury county, 
271:1. 
GJadstone Coal Co., 430. 
Glasscock brickyard, 359. 
Gold Hill quarry, 95 .. 
Gordon, C. H., cited, 148, 160. 
(;'oose. mine, 34.8. 
Gravel bedse! Washington county, 172. 
Woodbury county, 290. 
Green. J. A" acknowledgments, 21, 112. 
Greenbush, section, 337. 
Greenway mine, 34.8. 
Griffee pottery; 225. 
\ 
Gross brickyard, 359. 
Guinn, elevation, 36\:1. 
Gurnsey mine, 434. 
\ 
Guthrie county, 18. 
Gyp3um in Boone county, 230. 
I Hagger mine, 215. Hale, quarry, 106. 
I Hall, J ames, cited, 38, 53, 56, 270. 
• 
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Hall mine, 349. 
Hammondsburg section, 329. 
Happy Coal Co., 423. 
Hartford pottery, 358. 
Hazelton Coal Co , 430. 
Havre, elevation, 119; 
Hawkeye.mine.418. 
Hayden, F., cited, 272,322. 
Hedge. James, work, 15. 
Herl Coal 00., 430. 
Heer, Oswald, cited, '270,271. 
Henner mine, 348. 
Heim mine, 434 
Heiny mine, 348. 
Hicks, Earl, cited, 272. 
Higbee mine, 349. 
Higgins, L., acknowledgments, 19. 
Highland Chief mine, 208. 
Hilltown, sections, 3t'6. 
INDEX. 
History and geneses of Iowa soils, ] 3. 
Hocking Valley mine, 433. 
Hodson mine, ;:148. 
Holman Bros brick plant, 293. 
Hornick, elevation, 250. 
Horr mine, 349. 
Hoskins, J. C. C., acknowledgments, 
277. 
Cited, 274, 299. I 
Houser, G. L., cited, 56. . . 
Houser mine, 434. I 
Hoover brickyard. 359. 
Howard county, ]2, 19. 
Huffman mine, 349 
Bumpston quarry, 169. 
Hunt inine, 210. 
Huron section, 137. 
Hutchinson mines! 213. 
Hyatt mine, 433. 
Illustrations, preparation of, 15.' 
Indianola Brick & Tile Co, 358. 
Elevation, 315. 
Precipitation at, 350. 
Section. 330. 
Interloessi!Ll till in Woodbury county, 
283. 
Iowa Block Coal Co., 426. 
'Iowa & Missouri Coal Co., 428. 
Iowan drift in Jones county, 63. 
Jacobs quarry, 168. 
James, elevation, 250. 
Jamison mine, 349. 
Jerome coal mines, 392. 
Elevation, 369. 
Johnellen quarry, 102. 
John Clay quarry, 106. 
Johnson county, 13, 18, 28. 
Johnson & Bryant mine, 3-19. 
Johnson, W. D., acknowledgments, 231. 
Mine, 210, 211. 
Jones, A. J.,-cited, 353. 
Jones county, Geology of, 33. 
Aftonian beds, 66. 
Alluvial plains, 43. 
Alluvium, 70. 
Anamosa stage, 56. 
Area, 37. 
Bertram stage, 60. 
Buchanan gravels, 66. 
Building sand, 110. 
Building stone, 93. 
Carboniferous, 60. 
Cass township' exposures, 77. 
Clay, 107. 
-Clay township exposures, 81. 
Deformations, 91. 
Delaware stage, 49. 
Des Moines stage, 60. 
Drainage, 46. 
Drift plains, 40. 
East Grove township exposures, 72. 
Economic products, 91. 
Fairview township exposures, 83~ 
Geest, 62; 
General relations of strata, 47. 
Geological formations, 48. 
Greenfield township exposures, 87. 
Hall, James, in, 38. 
Bale township exposures, 88. . 
Iowan drift, 63. 
Jackson townsbip exposures, E5. 
Kansan drift, 63_ 
Lead,110. . 
Le Claire stage, 50. 
Lime, 107. 
Loess, 67. 
Loess hills, 41. 
Madison township exposures, 85 
McGee, W. J., in, 39. 
Monticello township exposures, 73. 
Monlding sand, 110. 
Niagara series, ·'1,8. 
Owen, D. D , in, 37,38. 
Oxford township exposures, 90. 
Paha hills, 43. 
Physiography, 39. 
Pleistocene, 63. 
Previous geologicalwork in, 37. 
QuarrieS', \:l3. 
Richland township exp'osures, 75. 
Road materials, 110. .. 
Rome township exposures, 88. 
Scotch Grove township exposures, 
79. . 
Silurian, 47. 
Situation, 37. 
Soils, 91.. 
Stratigraphy, 47. 
Topography, 39. 
Typical exposures, 70. 
Unconformities,' 90. 
Washington township exposures, 
76. 
Water power, 111. 
Supply. 1 n. 
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Wayne township exposure, 77. 
White, C. A., in, 38 . 
Whitney, J. D., in, 38. 
Wilson, A. G;, cited, 49. 
Wyoming township exposures, 86 
Work, in; 13;18. 
J" ones, mine, 349. 
J" one8.& Benham mine, 333. 
Kalona, brickyard, 16:1. 
Elevation, HI}. 
. . Section, 133. 
. Kansas City Coal Co ,433. 
Kansan. drift, 63, 15.2,203,279'-
Keota, limestone. 119. 
. Keokuk countY,2L. . 
Keyes, C. R., acknowledgments, 173. 
Cited, 136, 137, 311, 3:::1,322,366, 
. 384. 
Keystone mine, 215. 
Keller niine, 348. 
Kinderhook in 'washington county, 131, 
170. 
King, Clarence, ackllOwledgments, 275. 
King,Miss Charlotta, work, 15. 
. Kirkhart,brickjard, 359. 
Knight Bro!i.,436: 
Knightniine,434. 
·Knox Bros. mine, 206. 
Kurtz pottery, 358 ... 
Lacona brickyard, 359. 
. Elevation, 316. 
Lane Coal Co., 431. 
Lard,ner mine,. 349. 
Lead and zilic report, 31. 
Leadin.J ones county, 110. . 
LeClaire stage .of Niagara, 50. 
Ledge sand!:ltone, 11:!7, 22L 
Lee Bros, acknowledgments, 428. 
Lee cOlinty,~L . o. 
Liebs mine section, 129.·. 
Leonard,A. G.,administrative report,31. 
~ork, 14,28. . 
Lesquereaux, Leo, cited,271. 
Leverett, Frank, cited, 407. 
Lewis and Clarke, cited, 265. 
Library,23. ·0 
Ligriite iIi Woodbury county, 296. 
Lime creek shales, 139. 
Lime in Boone county, 222. 
Jones cOunty, 107. 
Woodbury county, 296. 
Limestones of A ppanoose beds, 378. 
Linn county. 28. 
Local Coal Co., 422. 
Lockridge mine, 349. 
Location of Appanoose county, 365; 
Warren county, il05 .. 0
Washington county, 117. 
. Woodbury county, 245. 
Lod wick Bros. , acknQwledgmentsl "'28. 
Mine,427. - 0 
Loess, analyses. 357. 
Hills in Jones county, 41. 
In Jones county, 67. 0 
Warren county, 31S, 356. 
Washington county, 115. 
Woodbury county, 282, 289. 
Topography of Woodbury 
county, 249. 
Loess-silt, in Appanoose county, 407. 
Iowa Junction, elevation, 119. 
Lone Star mine, 429. . 
Long mine, 348. . 
Longwall work in Appanoose county, 
412. 0 
Lonsdale, E. H., acknowledgments, 274, 
299. 
_ Cited, 295. 
Work, 18, 139. 
Lord mine, 349. 
Lothrop, elevation, 316. 
Lower coal measures. (See Des Moines 
o stage.) .~ 
Lord & Emery quarry, 168. 
Lumsden mine, 349. 
L~ton, elevation, 250 . 
Macbride, Thomas, acknowledgments, 
o 268: 
Machine coalminiIlg, 41:5. 
Macy, C~ R, cited,. 117. 
Macyntire, J (,lhn, coal, 392. 
Madrid, elevation, 180. 
Mines, 206. 
Madison county, 18. 
Magee. ,D. A., acknowledgments, 258. 
Mahaska county,2L 
Maine, elevation, 369. 
Ma.lone mine, 349.0 
Manhattan anticline, 158. 
Maps. drawing,15. 
Maple mill section, 127. 
Shale, 134. 
Marcou, Jules, cited, 269; 270, 271. 
Markets for Mystic coal, 411. 
Marshall county, 14,18. 
o Mines, 210. 
Marston, A ,.acknowledgments, 19. 
Martin, quarry, 167. 
McBirniemine, 212. 
McBtrnie &0 Nelson mine, 212. 
McDliilti.c mine, 349, 
McCloud & Carpenter brickyard, 227. 
McCormick mine, ·348. 
McGee, W. J., acknowleilgments, 278.· 
Cited, 39, 54, 56, 61, 68, 124, 180, 
181. 
McNair mine, 348. 
McN eil mine, 349. 
. McNeilly mine, 343; 
Meek, F. B., cited, 267, 272, 275. 
Meek and Hall, cited, 266, 269. 
Meek and Hayden, cited, 266, 261, 269, 
270. 271; 274., 275. 
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Meek and Worthen, cited, 136. \ 
Mendota Coal Co., 392. 
Merchants Coal Co., 433. 
Middle coal measures, 322. .1 
River, 307, 382. 
Midway, elevation, ]81. 
Milford mines, 209. 
.. Section, 192. 
Miller mine, 348. 
Milo boring, 340. 
Elevation, 3l6. 
Mines, Albert, 433. 
American. 425. 
Anchor, 421 
Anderson, 319. 
Angus Coal Co., 215. 
Anthony, 3i8. 
A ppanoose, 416, 433. 
Arnott, 428. 
Bales, 349. 
Basler, ;)49. 
Bassett, 348. 
Beaman, 348. 
Beem, 349. 
Benham, 349. 
Bishop; 349. 
Big Four, 431. 
Blackrod, 429. 
Blyth, 206. . ·1' 
BoonE- Valley, 209,213. 
Brazil, 431. \1 
Brown & Bowers, 429. , 
Burgit, 349. 
Caldwell & Cassidy. 349. 
Campbell, Robert, 431. 
Carlton, 430. 
Centerville Block Coal Co., 417. 
Chittenden, 34\). 
Cincinnati, 433. 
City Coal Co., 419. 
Clamer.349. 
Clark, 349. 
Clark & Sons, 425. 
Clemens.2l4. 
Clyde, 208. 
Coal Valley I 433. 
Columbia, 430. 
Conner, 349 
CO'operative, 428. 
CouslID, 348. 
Craig, 215. 
Creighton, 349. 
Dalby, 215. 
Darby Block Ooal Co , 425. 
Dickson, 434. 
Dillard, 349 
Diamond, 417. 
Dyke, 349. 
Earle Bros, 349.c 
Eldon, 422. 
Faust, 349. 
Fenton, 434. 
Flock & Clark, 212. 
For bush, 433. 
Fordville Coal 00., 3i8. 
Fouch, 341:t 
Gardner, 349. 
Ghost, 348. 
Gladstone, 430. 
GOBS, 398. 
Griffin, 34'3. 
Greenway, 348. 
Gurnsey, 434. 
HaggeI', 215. 
Hall,349. 
HapllY, 423. 
Hawkeye, 418. 
Hazelton. 430. 
Hennen, 348. 
Heim, 434. 
Heiny.348. 
Herl,430. 
Higbee, 349. 
Highland Chief, 208. 
Hocking Valley, 433. 
Hodson, 348. 
Hoor.349. 
Houser j 434. 
Huffman, 349. 
Hutchinson, 213. 
Hunt, 210. 
Hyatt. 433. 
Iowa Block. 426. 
Iowa & Missouri, 428. 
Jamison, 349. 
Johnson & Bryant, 349. 
Johnson, W. D., 210. 
Jones, 349. 
Jones & Benham, 333. 
Kansas City, 433. 
Keystone, 215. 
Killer, 348. 
Knig h t, 434. 
Knox Bros., 206. 
Lane, 43. 
Lieb,129. 
Local Coal Co., 422. 
Lockridge, 349. 
Lodwick Bros .. 427. 
Lone Star, 429: 
Long,348. 
Lord, 349. 
Lumsden, 349. 
Marshall. 210. 
Malone, 349. 
Merchants, 433. 
McBirnie, 212. 
McBirnie & NelsQll, 212. 
McClintic, 34:9 . 
McCormick, 3i& .. 
McNair. 348. 
1'.1 eN eil;" 349 
MeN eilly, 348., 
Miller, 348. 
Mitchell, 349. 
Monitor, 422. 
INDEX. 447 
Moingona Coal Co., 208. 
Moore, 349. 
Mosby, 434, 
I Minerals of Boone county, 230. Warren county, 354. 
Mosher, A. W., 348. 
Mosher, S. G, 3~8. 
Mystic Fuel Co., 429. 
I Mineral Ridge, 213. 
. Mining by machines, 18. 
National Fuel Co., 420. 
North Hill Coal Co .. 423. 
Ogden,208 . 
Orr Bros, 426. 
Panic, 215. 
Parker, 434. 
Pearl,433. 
Peerless, 428. 
Philby, 417. 
Phillips, 43I. 
Phrenix, 43I. 
Porter, 206. 
Ramsey, 215. 
Randolph. 349. 
Raven, 420. 
Rawson,34K 
Reeves, 348,349. 
Relay, 417. 
Richardson & Ulrich, 418. 
Rock Vall ey , 423. 
Rogers & Crow, 209. 
Royal,433. 
Sayers, 349. 
Scandinavian, 424. 
Shaffer, 349. 
Sharp, 349. 
Sims, 348. 
Smith, Wm., 349. 
Silknetter, 418. 
Spurgeon, 34:8 .. 
Standard, 420. 
Star, 424, 425. 
Stern, 431. 
Stevens, 434; 
Stormfeldt & De B"rance, 430. 
Streator, 433. 
Superior Block Coal Co., 425. 
Thistle, 433. 
Thompson, 348, 434. 
Tipton, 430, 431. 
Troublesome, 434. 
Twin Coal Co , 430. 
Van Pelt. 349. 
Wade, 349. 
Walnut Block Coal association, 424 
Walnut Creek Goal Co., 430. 
Watson, 420. 
Wellings,348 
Whitebreast Fuel Co., 433. 
,WhiteOak, 433. . 
. White Smoke, ZOS. 
Williken, :)49. 
Williams, 348, 349. 
Young, 434. 
York, 214. 
Zimbleman, 212. 
Milledgeville sections, 388. 
Companies of Boone county,220 
In Iowa 18. 
Methods, 412. 
Mtnor publications of the Sur:vey, 17. 
Missouri river, 251. 
Sta.ge, 32t. . 
Mississippian of Appanoose county, 374. 
Washington. county, 130. 
Miller &. Calkins' brickyard,. 436. 
Mitchell mine. 34;}. 
Moingona Coal Co., 208. 
Elevation, 181. 
Mines, 208. 
Sections, 191. 
Monitor Coal Co., 422. 
Monona county, Woodwa.rth's glen, 278. 
Monroe county. Chariton conglomerate 
exposures, 397,-
Montic011o Brick & Tile Co., 108. 
Moor.e mine, 349. 
:Mora via coal, 392. 
. Elevation, 369. 
Mormon creek exposures, 392. 
Morning Side, elevation, 250. 
Morris Bros. brickyard, 166. 
Morris quarry, 168. 
Mosby mine, 434. 
Mosher, A. W., 348. 
Mosher, S. G., 348 ... 
Morton, Samuel, cited, 265. 
Moulding sand, 110. 
Moulton, elevation, 369. 
ivIoville, elevation, 257. 
Murray Bros. quarry, 106. 
Murray, H. B., acknowledgments, 19. 
Museum,2L 
Myrick, A. Eo, acknowledgments, 112. 
Mystic coal, 378, 384. 
Elevation, 369. 
Fuel Co, 429, 
Sections, 384, 389. 
National Fuel Co" 420. 
Natural gas in Iowa, 13. 
N euweid, Prince, cited, 265. 
Newberry, J. S., cited, 270. 
Newberry, S. B., acknowledgments, 20. 
Newman, Nellie E., work, 15. 
Newspaper articles, 18. 
New Virginia, elevation, 3i6. 
Niagara in Jones county, 48. 
Nicollet, Jean, cited, 266 . 
Niobrara. (See Colorado) 
Nira, elevation, 119. 
North Hill Coal Co., 423. 
River sections, 260, 263, 338. 
Northwestern Sewer Pipe Co., 261. 
I Nortoll1 W a' l adminis~rative report, 
I 29.' 
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Norton; W. H, cited, 56, 60, 375, 376, 
405,437 .. 
. .. Work, 14, 28. 
Norwood, C. J;, cited, 366. 
Numa, Coal Co., 392. 
Dome, 402. 
Elevation, 369. 
Boone coUntY, 202 .. 
Jones county, 63.: .. 
Wal'rencoUIi~y,317 . 
W ~shington county;152. 
.... WoOdburycolinty, 275. 
PhceriixCoal Co., 431. 
Philbymine, 417. 
. Pocahtm.tas county soils, 229; 
Oblique beddingin Le Claire strata, 50. Polk county ,18. 
Obsequent origin of rivers, 312. . Pollution ofwl!oter, 350. 
Ogden, elevation, 18i. Porter miite, 206. 
Mine,20!$. Post-glacial . deposits of Woodbury 
Section, 1l:J3. county, 286. . 
Oil in Warren couuty, 350; . Post-Lafayette emergence, 278. 
Olin Brick & Tile Co., 108. Pottery, Burney, 358. 
Quarries, 104. Sargents' Bluff, 293. 
Oliver, W. W., acknowledgments,438 Sioux City, 292. 
Orr Bros. Mine, 426. . : Griffee, 225. 
Origin of brecciation. 147. . ... Kurtz, 358. 
Drainage Washbigtoncounty, Pratt, W; H., cited, 117. 
]24. Pre-Cretaceous of Woodbury county, 
Pbysiog-raphy Warren coun- 25ft ., 
. ... ty, 371. Precipitation at DesM<iines.350 ... 
Oto, elevation, 251. . Indianola, '350. . 
Ottumwa, Saint Louis limestone at, 375. ... Preglacial channels. 125, 275, 372: , 
. --.:Seymoursectioh, 402, 408. . PreliIIiina.ry notes, I'L·· ... 
Output Warren county mines, 349. . Prenty qllarry, 436 .. 
Owen, D. D., cited, ~7, 38, 179 .. 365. Pre-Pleistocene surface of Boone 
J:»aha in Jones county. 43. 
Palmyra, tile plant, 359. 
Pammelj L. H.. Character and . DiS-
tribution of the Forest Trees·. and 
Shrubs of Boohe county, 232. 
Panic mine, 215. 
Parker, R,435, 436. 
Mine, 431. 
Parsons quarry, 103 .. 
.. county, ~02. .. 
• Preston branch section, ·185. 
Pierson,· elevation,250; . 
Production of coal in Warren county, 
348. .. 
.. Lead and·zinc; 31. 
Progress of Bllrvey,.15; . 
. .W <irk,18; . 
Prospect Hillsectiqn,263, 267; 
Prole, elevation, 313 ... 
Patrick, G.E, acknowledgments, 
356, 357, 411. 
231,· Publications of survey; 16. 
Pyrites, 230 
Cited, 229. 
Resignation of, 14.· 
Pearl City Coal Co., 392, 433. 
Peet quarry, 103. 
Peerless Coal Co., 42 t 
Peese creek section, ·187. 
Pella beds in Washington county, ]50. 
Pentamerous beds in Jones CQuuty,49. 
Pennsylvania series, 322. . , 
Peterson & Smith brickyard, 293. 
Phillips Fuel Co., 431. . 
Phbtographs, 21. 
Physiogra.phyof Appanoose c;)unty,366 
Boone county, 180. 
Jones county. 39. 
War:r:en county, 305. 
Washington' county, 
118. . 
Woodburycqunty,216. 
Pilot Mound, elevation, 181. 
Plano, elevation, 369. 
Platt Brick Co., acknowledgments, 21. 
Pl~istocene in Appanoose county, 406. 
Quarries, Ana;mos:a., lo6~ 
. R, C.R.&N., 170. 
Carter, ·106. . 
Champion, 96, 101. 
Dolby; 105. 
D!lvail, 3!J7, ~436 
Eckles, 127, 14~, 169: 
Elam,436 .. 
Fa.ber, 167. 
Gem, 101 
Gold Hill, 95. 
HumpstoD, 169. 
Jacobs, 168. 
J ohnellen. 102. 
Lloyd-& Emery, 168; 
Martin, 167. 
Morris, 168. . 
Murray Bros;, 106. 
Parsons. 103. 
Peet, 103. 
Prenty, 436. . 
Richa.rdson, 168. 
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Rummell. 104. 
Shope, 165. 
State. 102. 
Stone City, 99. 
Thompson, 169. 
Whitstine, ·141, 169. 
Wood,168 .. 
Yoder & Pfeil, 170~ 
Ramsey brickyard, 435. 
. mine,2t5. 
Randolph mine, 349. 
Rainfall of Warren county, 350. 
Raven mine, 420. 
Rawson mine, 348. 
Reeves mine, 348. 
Relay, elevati()n, 369. 
mine, 417. 
Richardson quarry, 168. 
Richardson & Ulrich mine, 418. 
Riverside gravel pits, 262. 
Brickyards, 165. 
Elevation, 119: . 
Sand pits,277. 
Road material of Boone county, 229. 
Jones county, 110. 
Washington county, 
172 .. 
Roberts, E. D., acknowledgments, 232. 
Rock Valley Coal Co, 423. 
Rockville conglomerate, 6l. 
Rodney, elevation; 250. 
Terraces,' 283. 
Rogers & Grow mine,. 208. 
Room and pillar mining, 4i2. 
Ross,L. S., acknowledgments, 19. 
Royal Coal Co., 433. 
Rummell quarry, 101. 
Sand pitsofWoodburyeounty, 261, 296. 
. Saint Louis limestone, 143,167, 321,342. 
Saint Mary's, elevation, 315. 
Salix, elevation, 251. 
.. Sargent's Bluff, elevation, 251. 
. Pottery, 293. 
Section. 260. 
Sargent's Bluff & Sioux City Brick Co., 
294. 
Saulisbury, R D., cited, 39. 
Sayers mine, 349. 
Scandinavian fault, 399. 
Mine, 422. 
Scott county, 13, 19. 
Sedan, elevation. 369. 
Section, 387. 
Send-longwall mining, 412. 
Seymour, elevation, 369. 
.,.....Ottumwa section,· 402, 408. 
Section, 384. 
Shaffer mine, 349. 
Sharp mine, 349. . 
Shipments of stone from Jones county, 
95. 
Silknetter mine, 418. 
Silurian of Jones county, 47. 
Smiley brickyard, 226. 
Sims mine, 34S: 
Sioux City deep well, 258, 298. 
Elevations. 251. 
Pottery, 292. 
Sioux City Brick & Tile Co., 292. 
Sioux Paving Co. ,290. 
Quartzite, 14. 
Skyline in Warren county, 309. 
Skunk river section, 157. 
Slater brickyard, 226. 
Sloan, 251. 
Slope of rivers in Warren county, 317. 
Shope quarry, 105. . 
Smith brickyard, 109. 
Mine, 349. 
Smithland, elevation, 251. 
Snort creek section, 387. 
Soa.p creek coal, 393. 
Some Iowa building stones, 13. 
Dolomites,18. 
Soils, g-enesis of, 13. 
Of Boone county, 221. 
Jones county, 91. 
Northeastern Iowa, 18. 
. Warren. county, 359. 
Washington county, 170. 
Woodbury county, 298. 
South river sections, 323. 
Spencer, A.C.,acknowledgments, 144. 
Springdale section, 264. . 
Spring Hill brickyards, 359. 
Section, 335. 
Springvale beds, 148. 
Spurgeon mine, 348. 
Squa.w creek in Boone county, 18.1. 
Mines, 213. 
Stahl, Mo., section, 385. 
Standard fault, 399 
Mine, 420 
Sections of Washington coun-
ty,127 .. 
Woodbury county, 
259. 
Star Coal Co , 4'24, 425. 
State quarry, 102. 
Statistics of coal production, 318. 
Stein mine, 431. 
. Stephens brickyard, 226 
.stevens mine, 434. 
Stratford, elevation, 181. 
Stratigraphy of Appanoose county, 374. 
Boone county, 184. 
Jones county, 47. 
Washingt'ncounty,126. 
Woodbury county, 255 . 
Stream changes in Washingson county, 
123. 
In Warren county, 306. 
Streator Block Coal Co., 433. 
Stone City quarries, 94, 99. 
450 INDEX. 
Stormfeldt & De France inine, 430. 
Story cOlmty, 18,.28. 
Suo John,O. H., cited, 274, 365. 
Subsequent streams, 312. 
Sub-lo~ssial sands, 154. 
Superior Block Coal Co .• 425. 
Summerset elevation,. 315. . 
Sections, 333, 335. 
Summerset .Junction, elevation, 3]5. 
Surface wells, 350. 
Suter, Major, cited, 252. 
Swift, F. W., brickyard, 165. 
Swift, R. L. & Co., 165. 
Talbot, D. H., acknowledgments, 299. 
Tama county, 28. 
. Teinple Hill quarry, 93. 
Terraces in Baonecounty, 182 . 
. WoodbUry county, 275. 
Tests of cement, 20. . 
Building stones, 19. 
Thistle mine, 433.. . 
Analysis of coal from; 411 . 
Faults,.399. 
Thompson mine, 348, 434. 
. . Quarl;y,169. 
Tilton, ,T. L., cited, 322,338, 373. 
GeologyofWarre!l county, 301. 
Work, 14, 18. 
Tipton mine, 430, 431: 
Todd, J. E., acknowledgments, 299. 
Cited, 211,~57, 272,.283,311. 
Topography of App?onoose county, 366. 
. Boone county, 180. . 
Jones county, 39. 
Washington countY,118. 
. Woodbury county, 2-16. 
Troublesome mine, 386, 434. 
Twin Coal 00.,430;. 
Typicial sections of Appanoose county, 
379. 
Boone cQunty,184. 
·Jones !Jounty, 70 
Woodbury connty,263. 
Udell borings, 393. 
Coal,404. 
Elevation, 369. 
Unconformities, 90, 159, 161. 
United States Geological Survey, 
acknowledgments, 119 .. 
Unionville, elevation, 369. 
Upham, Warren, cited, 203. 31L 
Upper CarbonifE;lrous, 151, 322, 376. 
Magnesian limestone, 49. 
Missoul'i section, 275. 
Van Buren county, 21. 
Van Pelt mine, 341}, 
Verdi beds; 19, 149. 
Quarries, 146. 
Volume I, contents, .16. 
II, cop.te:p.t~, 16. 
In, contents, 16. 
IV, contents; 17.· 
V, contents, 17. 
VI, contents, 17. 
Wade mine, 349. . 
. Wakefield, . G. C., acknowledgments; 
299. 
Walnut Block Coal association, 429. 
Walnut Creek Coal Co., 430. . 
Mining camps, 389. 
Warren county, Geology of, 301. 
Allui;rium, 317. 357.-
. Brickyards, 358. 
Building stones, 355, 
Carboniferous,3t9. 
Classification of formations, 32 L 
Clay, 356. . .. . 
Clay-working plants, 358; 
Coal, 342-. . . 
Rorizons,342. . 
Intermediate g.r'p. ' 
347. ... 
Lower group,344~ 
. . Upper grolip,346 .. 
Conditions of deposition of coal, 321.· 
Detailed cross-sections,. 323; 
Dip, 310. . '. . 
Deep 'wells, 350. . . 
Des Moinesfor'mation,32 L 
Descriptive physio~rapby, 306. 
Drainage areas, 307. 
Drift,319. . .. 
Economic products, 342. 
Elevations, 314. 
Erosion, 313. 
Escarpment makers, 308. 
Escarpments, 309. 
Explanation of physiography, 310. 
Ford sandstone, 324; .. 
Gas, 350. 
General c1:i.aracterof strata, 307. 
Cross-sections, 340 ..... 
Descriptioilof Carbonifer-
ous,319. 
:prainage, 306.· 
Geological formatioI).s, • 317. 
Immensity·of erosio'il, 313. 
Intermediate coal sections, 3~7. 
Location, 305. . 
Loess, ·3i8,356. 
Lower group coal series, 344. 
Map, 359. 
Middle river, 307. 
Minea, 348. 
Minerals, 354. 
Cross-section, 332. 
North river cross-section, 338. 
Oil, 350.' 
Pennsylvania series, 322. 
Pleistocene, 317. 
Physiography, 305. 
Pottery, 358. 
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Precipitation, 350. 
Quarries, 355. 
Rainfall, 350 .. 
Habit Louis, 321. 
Sky li~e, 309. 
Slope of rivers, 317. 
Soil, 359. .' 
South river cross-section, 323. 
Statistics of coal production, 348. 
Streams, 306. 
Surface weils,35.0. , 
Upper group coal seams, 346. 
Water supply, 350. . 
Wells, 350. 
. WhitebreaSt creek cross-seotion, 
, 331. ' 
Winterset limestoqe,' 321. 
Washington brickyards; 165. 
Channel, 159. 
, Deep well, 130; 17l. 
'Elevation; 111.' 
Washingtoucounty, Geology of, 113 .. 
Alluvium, 156. 
Area,117. . 
Augusta limestone, 140, 169. 
Brig-hton to W~shington section; 
. . 157. " . 
Building stones, 157.· '" ' .. 
. . Of Augusta, 169. , 
. . OfKinderho'k; 170; 
", Of Saint Louis, 167. 
Buried chaunels, 1§9. . 
Character of clays, 162., 
Classification of formations, 126. 
ClaY,162. . " 
. Industries; 164. 
Coal,162. ',' 
Cott,erstoK€lota section, 157. 
. , Cross-sections, 157. ' 
Deformations, 158. 
Deep well, 130, 171. 
DE)eper strata; 130. 
Des Moines stage, 157. 
Dip, 158. . 
Distribution of clays, 162., 
. Drainage, 120. . 
JJiarly geological work, 117: 
Economic products, 162. . 
Elevations, 119. . 
English river gritstones, 134. 
l::)ection, 157_ 
Geologic;:!.l formations, 130. 
. Structure, 156., 
'General relations of strata, 126. 
Gravel, 172. 
Kansan drift, 152. 
Rinderhook. 131, 170. 
Location, 117. 
Loess,155. 
Maple mill shale, 134. 
Mississippian series, 130. 
Origin of drainage, 124. 
Pella beds., 150. 
Pleistocene, 152 .. 
Physiography, 118. 
Road materials, 172. 
Saint Louis limestone, 143; 167. 
Skunk river section. 157. 
Soils, 170. 
Springvale beds, 148. 
Standard sections, 127. 
. Stratigraphy, 126. 
Subcloessial sands, 154. 
Topography, 118. 
Unconformities, 159. 
Below coal measures, 161. 
BelowdriH, 159, • 
Below Saint Louis, 161. 
Upper Carboniferous, 151. 
Vdrdi beds, 149. . 
Wassonville limestone, 134. 
Water power, 172. 
, Supply, 170. 
Works in, 21. . 
Wassonville limestone, 119 .. 
Wassonville mill, 'el evatioi::t , 119. 
Section, 132. 
Watson m:ine,420. 
Wayland brickyard, 166. 
Wayne brickyard, 166 . 
,County,392, . 
Weems, JB, chemical work, 14. 
Wellman, elevation, 119. , 
Wells inWarrencouIity, 350. 
Welling mine, 348. . 
West: A. G, acknowledgments, 326. 
Vlest Chester, elevation. 119. 
Westgate, L. G., cited, 311. 
Wheeler brickyard, 228. 
Whetstine quarry, l69. 
Whitebreast Fuel Co., 433 . 
, Creek sections, 331. 
Winterset limestone, 321; 376. 
Wl),ite, C. A" cited, 38, 51. 56, 117, 161, 
179, 271, 272, 275, 322, 365. 
White Oak mine, 433. 
" Sm.oke mine, 208. 
Whitney, J. D;,cited, 38 . 
Wick. elevation. 316. 
Wilcox, Charles, work, 15. 
Wilcox brickyard, 226. 
Williams mine, 348, 349. 
Williken mine, 349. 
Wilson, A.G., cited, 49. 
Winneshiek county, 12, 19. 
Winslow, Arthur, cited, 366,373, 385. 
Wood, quarry, 168. ' 
Woodbury county, Geology of, 241. 
Alluvium, 28.6, 289. 
Area, 241). ' 
Benton, 273 .. 
Big Sioux river. 252. 
Bottom land, 246. 
Building stones, 296. 
Buried river channels, 278. 
Cement, 295. 
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Character of clays. 288. 
Classification of formations, 255. 
Clay, 288. ' 
, ' Industries, 290. 
Coal,296. 
Colorado, 273. 
Cretaceous, 265, 288. 
Cross-sections; 2~7 . 
Dakota sandstone, 267. 
Deep well, 258, 298.' , 
Distribution of clays, 288. 
'Drainage, 251. , 
Early geological work, 24:5. 
Economic vroducts,288. 
Elevations, 250. 
Floyd river, 253. , 
Geological formations. 265. 
Structure, 281. 
Glach!.l deposits; 219. , 
General geological section, 255. 
Relations of strata, 255. 
Gravel, 21i6. " 
Interloessial till, 283. ' 
Kansan drift, ,279. 
Lignite, 296. 
Lime"296. , 
LiitleSiotlxdver, 254. 
Location; 245. , 
Loess, 282, 289. 
Missouri river, 2Ei1. 
Niobrara limestone, 273. 
Physiography, 246. 
Pl~istocene, 275. 
, ,Conglomerates, 281. 
Postglacial deposits, 275. ' 
Pre":Uretaceous strata, 256. 
Preglacial deposits, 275. 
Riverside sands, 277. 
Sand, 296. 
Soils,298. , 
Standard sections, 259. 
Stratigraphy, 255. 
Terraces; 285. 
Topography, 246. 
Typical exposures, 263. 
Water supply, 2~8: 
Woodwarth's glen, 279, ' ' 
W oodbilry • shah:ls 'and sandstones' {see 
, Colorado}. 
Woodley brickyard', 293. 
WoOdwarth's glen, 279. 
Worthen, A. H., cited, 117, 129, 132, 
136, 179,322 
"Wyoming brickyards, 109. 
Yegge brickyard, 226. 
YOder, & Pfeil quarry, 170. 
Yorkniine, 214. 
, Young mine, 214, 392,434. 
Youtz,L. A., cited, 350, 357. 
Zenorsville mines, 213. , 
ZtmbleIiianmine.212. 
Zinc production, 31. 
